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42D OONOHBSS, » HOUSE OF REPEESBNTATIVEa. ( Mis. Doc. 
3d SeuaiM. I \ So. 107. 



ANNUAL REPORT 



BOARD OF EEOENTS 



SMITHSONIAN INSTITUTION, 



THE OPEBiTIONS, BXPENDITIIBES, AM COMIIION OP THE IKSriTUTIOli 
FOB IHE YEAB 1871 



WASHINUTON: 

OOVEKNMENT PBINTINO OPFIOB. 

1873. 



In the Sbnatd of ttib United Statm, 

February 3, 18T3. 
Tbe following resolntion, originotiog in tbe Senate December SO, 1673, was agreed to 
by tbe House of BepresenCatiTes January 31, 1873. 

Be$oltfd, (tbe House of Repreeentativee concnrring,) Tbat tnelve tbousand five hnn- 
drcd oddttiooal copies of tbe report of tbe StnitbeoniuB Institotlon for tbe yearlS72,be 
printed; tn-enty-five hundred of which Rball be for tbe use of tbe Senate, five thonBand 
for tbe use of tbe Hoase, and five thonsand for tbe nae of tbe loBtitDtiou : Prorided, 
That tbe aggregate numbfli of pages of said report sbaQ not exceed four hundred unit 
fifty, and that tJiero ilftall b« no Ulnstratlons except those famishi'd by the Smithsonian 
Institution. 
Atl«Bl : 

GEORGE C. GOHHAM, Sccrclarij. 
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LETTER 

SECRETARY OF THE SMITHSONIAN INSTITDTION, 

THANSUnrtNO ; 

The annual rq^ort of ffte Bmithxonian Institution for the year 1872. 



Smithsonian Institdtion, 

Wmhingtm, February 20, 1873. 
■ Sm : lu beb^f of the Boaicl of Begests, I bave the houor to sabmit 
to the OoDgress of tbelTDitef) States tbe aiinaal report of the opera- 
tions, expenditures, and eohdttion of tbe Stnithsonini InstitntioD for 
the year 1872. 

I have the honor to be, very respectfally, yoar obedient aervant, 
JOSEPH HENRY, 
Secretary Smithaontati Institution. 
Hon. 8. Colfax, 

President of the Senate. 
Hon. J. G. Blaine, 

Speaker of the Souse of B^eamtatives. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR 1872. 



Tbis document contaius : 1. The programme of organization of the 
Smithsonian InstitutioD. 2. The annaal report of the Secretary, giving 
an account of the operations and condition of tbe establishment for the 
year 1872, with the statistics of collections, exchanges, meteorology, &c. 

3. The report of the executive committee, exhibiting the financial affairs 
of the Institntion, including a statement of the Smithson fund, the re- 
ceipts and expenditures for the year 1872, and the estimates for 1873. 

4. The proceedings of the Board of Regents. 5. A general appendix, 
consisting principally of reports of lectures, translations ftom foreign 
joarnals of articles not generally accessible, but of interest to meteor- 
ologists, correspondents of the Institntion, teachers, and others inter- 
ested in the promotioDof knowledge. 
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PROGRAMME OF ORGANIZATION 



SMITHSONIAN INSTITUTION. 



[PRESENTED IS THE FIRST ANNUAL REPORT OF THE 8ECBETABV, AKD 
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1*17.] 



INTRODUCTION. 



Oeneral eontideratimts tchich should serve as a guide in adapting a Plan of 
Organization. 

1. Will of Suithson. The property is bequeathed to the United 
States of America, " to foand at Washiugton, ander the name of the 
Smithsonian Institution, an esUbliahment for the iocreaae and dif- 
fosion of knowledge amoDg men." 

2. The beqaest is for the benefit of mankind. The Government of 
the United States is merely a trustee to carry out the design of the 
test^ator. ' 

3. The Institution is not a national establishment, as is frequently 
sopposed, bat the establishmeut of an individual, and is to bear and 
perpetuate his name. 

4. The objects of the Institution are, 1st, to increase, aud 2d, to dif- 
fuse knowl^ge among men. 

5. These two objects should not be confounded with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new truths ; and the second, to disseminate knowledge, thus increased, 
among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge ; hence all branches are entitle<l to a share of attention. 

7. Knowledge can be increased by diflerent methoils of facilitating 
and promoting the discovery of new truths; and can be most exten- 
sively diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should be 
such as to enable the Institution to produce results, in the way of in- 
creasingaud diffusing knowledge, which cannot be produced either at 
all or so efficiently by the existing institutiond in our couutry. 
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8 PROGRAMME OF ORGANIZATION. 

0. The orgaoizatioD should also be sach as can be adopted provis- 
looally ; can be easily reduced ta practice ; receive modifleatioDB, or be 
abandoned, in whole or in part, without a sacrifice of the funds. 

10. In order to compensate iu some measure for tbe loss of time occa- 
sioned by the delay of eight years in establistaiDg the lustitntioD, a 
coDBiderablc portion of the interest which has accrued should be added 
to the principal. 

11. Id proportioQ to the wide field of knowledge to be cultivated, tbe 
fnnds are small. Ecoaqmy sboald, therefore, be cousnlted in the con- 
struction of the building ; and not only the first cost of the edifice 
should be cousideredjbnt also the contiunal expense of keeping it in 
repair, and of the support of the establishment necessarily connected 
with it. There should also be but few individuals permanently sup- 
ported by the Institution. 

12. The plan and dimensions of tbe building should be determined 
by the plan of organization, and not tbe converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations, deduced immediately Irom 
the will of Smitbsou, regard must be had to certain requirements of the 
act of Gougress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION I. 

Plan of organization of tke Institution in accordance tci& the foregoing 
deductions from the icillof Smitkswi. 

To iNOBBASE KNOWLEDGE. It is proposed — 

1. To stimulate men of talent to make origiaal researches, bj offering 
suitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under the direction of suitable persons. 

To DiFFtJSE KNOWLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progress of the dif- 
ferent branches of knowledge } and, 

2. To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO mCBEASE KNOWLEDGE. 

I. By stimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 
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2. The memoirs tbns obtained to be published in a seriesof volumes, io 
a qnarto form, and entitled Smithsonian Coutribations to Knowledge. 

3. No memoir on snbjects of physical science to be accepted for pub- 
lication which does not furnish a positive addition to human knowledge, 
resting on original research ; and all nuverificd speculations to be re- 
jected. 

4. Each memoir presented to the Institntion to be submitted for es- 
amination to a commission of persons of reputation for learning in the 
branch to which the memoir pertains ; and to be accepted for publica- 
tion only in case the report of this commission in favorable. 

5. The commission to be chosen by the officers of the lustitution, 
and the name of the author, as far as practicable, couceaJed, unless a 
favorable decision is made. 

6. The volumes of the memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries iu this country. Cue part of the remaining 
copies may be offered for sale, and the other carefully preserved, to 
form complete sets of the work, to supply the demand from new institu- 
tious. 

7. Ad abstract, or popular account, of the contents of these memoirs 
to be given to the pnblic through the annual report of the Begents to 



n. By appropriating a part of the income, annually, to special o^ecta of 
research, under the direction of suitable persons. 

1. The objects, and tbe amount appropriated, to be recommended by 
coaoselors of tbe Institution. 

2. AppropriatioDS in different years to different objects; so that in 
course of time each branch of knowledge may receive a share. 

3. Tbe reisults obtained from these appropriations to t>e published, 
with the memoirs before mentioned, in the volumes of the Smithsonian 
Contributions to Knowledge. 

4. Examples of objects for which appropriations may be made : 

{1.) System of ext«>uded meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
netical, and topographical surveys, tocollect materials for theformation 
of a physical atlas of the United St^ates. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light ; chemical analysis of soils and plants ; collection and pnblicution 
of scientific facts accumulated in tbe offices of Government. 

(4.) Institution of statistical inquiries with reference to physical, moral, 
and political subjects. 

(5.) Historical researches, and accurate surveys of places celebrated 
in American history. 
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(6.) EttaDological reBearcbes, particularly with reference to the differ- 
ent races of men in North America ; alBO, explorations aod accurate 
surveys of the mounds and other remains of the ancient people of our 
country. 

DETAILS OF THE PLAN FOB DIPFUHINa KWOWLEDGE. 

I. By the puhUcation of a aeries of reporte, giving an account of the neip 
discoveries in science, and of the changes made from year to year in aU 
branches of knowledge not strictly professional. 

1. These reports will difihse a kind of knowledge generally interest- 
ing, -bnt which, at i)re8ent, is inaccessible to the public Some of the 
reports may be published annually, others at loDger intervals, as the 
income of the Institution or the changes io the branches of knowledge 
may iodieate. 

2. The reports are to be prepared by collaborators eminent ia the dif- 
ferent branches of knowledge. 

3. Each collaborator to be furnished with the journals and publica- 
.tions, domestic and foreign, necessary to the compilation of his reixirt; 

to be paid a certain sum for his labors, and to be named on the title- 
page of the report. 

4. The reports to be published in separate parts, so that persous in- 
terested in a particular branch cau procure the parts relating to it with- 
out purchasing the whole. 

6. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to he given to literary and scientific institu- 
tions, and sold to individnals for a moderate price. 

II. By the publication of separate treatises on suf^cta of general interest. 

1. These treatises may occasionally consist of valuable memoirs, 
translated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by offering premiums for the 
best exposition of a, given subject. 

2. The treatises should, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of knowledge mentioned in the 
table of reports. 

SUCTION II. 

Plan of organisation in accordance with the terms of the resolution of tJie 
Board ofSegents providing for the two modes of increasing and diffusing 
knowledge. 

1. The act of Gougress establishing the lustitutiou contemplated the 
formation of a library and a museum ; and the Board of Begenta, in- 
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cladtDg these objects in the plan of organizatiua, resolved to divide 
the income into two equal parts. 

2. One part to be appropriated to increase and diffuse knowledge by 
means of pablicatious and researches, agreeably to the scheme before 
^ven. The other i)art to be appropriated to the formation of a library 
and a collection of objects of nature and art. 

3. These two plans are not incompatible with one another. 

4. To carry out the plan before described, a library will be required, 
consisting, Ist, of a complete collection of the transactiona and pro- 
ceedings of all the learned societies in the world ; 2il, of the more im- 
portant cnrrent ])eriodical publications, and other works necessary in 
preparing the periodical reports. 

5. The Institution shoald make special collections, particularly of ob- 
jects to illnstrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of ex- 
perimental science 

7. With reference to the collection of books other than those men- 
tioned above, catalogues of all the different libraries in the United 
Stated should be procured, in order that the valuable books first pur- 
chased may ho such as are not to be found in the (Jnited States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institntion a center of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
be may require. 

9. It is bt^lieved that the collections in natural history will increase 
by donation as I'apidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary to 
purchase articles of this kind. 

10. Attempts should be made to secure for the gallery of art casts of 
t^c most celebrated articles of ancient and modem sculpture. 

11. The arts may be encouraged by providing a room, free of expense, 
for the exhibition of the objects of the Art-Uruon and other similar 
societies. 

12. A »mall appropriation should annually be made for models of an- 
tiqaities, such as those of the remains of ancient temples, &c. 

13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistant will be required, except one, to act 
as librarian. 

14. The Secretary, by the taw of Congress, is alone responsible to the 
Begents. He shall take charge of the building and prot>erty, keep a 
record of |)roceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Regents, employ assist- 
antn. 

16. The Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
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oew objects of art Distingoislied individnals should also be iovited to 
gire lectares on sabjects of general interest 



The foregoing programme was that of the general policy of the In- 
stitntion nntil 1866, when Congress took charge of the library ; and since 
an appropriation has been made by Government for the maintenance o( 
the musenm the provisions of Section II are no longer fnlly observed. 
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REPORT OF THE SECRETARY FOR THE YEAR 1872. 



To the Board of Brents of the Smithsonian Institution : 

Gentlemen : The report which I have the botior to present at this 
time completes the history of the operations of the Smithsonian Institu- 
tion for the first qnarter of a century of its active existence; and ns it 
is important to recapitulate, from time to time, the policy which has been 
adopted for the management of the funds iQtru8t«il to the United States 
for the good of men by James Smithson, it may be well on this occasion 
to recall the easeutial featiu^ of the trast, and to briefly state soch 
salient points connected with its administration as may be of especial 
importance in the Aitnre. 

At the time the Ainds were received by the General Government, the 
distinction between education and original scientiflc research was not 
HO fnlly recognized as it is at the present day, and therefore it is not 
surprising that the brief though comprehensive langoage in which the 
will of Smithson was expressed should not have been generally under- 
stood, or that the words "I beqaeatb the whole of my property to the 
United States of America, to fonnd at Washington, nuder the name of 
the Smithsonian lustitutioD, an establishment for the increase and diffu- 
sion of knowledge among men," should have been so interpreted as to 
induce Congress to direct the expenditure of the income of the fund 
principally to objects which, though important in themselves, did not 
comport with the strict interpretation of the will, being of a local char- 
acter instead of affecting the interests of humani^ in general. 

Smithson devoted hia life to abstract science and original research, 
and there cannot be a reasonable doubt that he used the terms " increase 
and difiiision of knowledge among inen"* to imply that the income of 
his bequest should be devoted to original research in all branches of 
knowledge susceptible of increase, and the diffnsion of tbe resnlt of this 
through the press for the benefit of mankind generally. 

* The tenuH increate and difiuioit of knowledge were used, in the specific eense here 
indicated, by men of science of tbe time of Smithson. As an illustration of this wo may 
cite the following remark of William Swainson, a celebrated natnralist. Speaking of 
tbe Zoological Society of London, he says : "It is more calculated to diffiue than to 
fHcmwe the actual stock of scientiflo knowledge." Tho author further remarks that, 
" while we may truly exult in this awakening of the national intellect, we must remem- 
ber that Mfftuion aod adtanixmtnt me two very different processes ; anil each ma; eiist 
Independent of the other. It is very esaontial, therefore, to our present purpose, when 
we speak (it the diffution or extentUm of science, that we do not confound tbesostagcs of 
development with discoteri/ or advaneemenl ; since tho latter may be as different from 
the formor as depth is from shallowneas." (SeeCabinet Cyclopedia.NatDralHiBtory, 
p. 314, London, 1834.) 
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The terms of tbe will, when critically analyzed iu their scientific signi- 
fication, will admit of no other interpretation, and the fitness of the 
policy which has been adopted after mnch discussion, and, as far as the 
original restrictions of GongreBs would allow, has met with general 
approval by men of science of all countries. 

After having devoted assiduously twenty-five of the best years of my 
life to the administration of the affairs of the Institution, I may be par- 
doned for making some personal allusions to the past, aud expressiug 
my earnest desire that tbe same policy which was inaugurated and ba.s 
been continually observed under my direction may be contiuued in the 
future, when I shall have ended my connection with the establishment, 
with only such modifications as the ever-changing conditions of the 
world may render necessary. 

Immediately after the organization of the Institution, iu 1846, 1 was 
requested by personal friends in the Board of Regents to give my views 
as to what the Institution ought to be, in order to realize tbe intention 
of the founder as expressed in his will. Having been long impressed 
with the importance of special provision for original research, and 
believing it was the intention of the founder of the Smithsonian Institn- 
tion to offer facilities for this pm-pose, I suggested the essential features 
of the programme published in my first report to tbe Board of Regents 
in 1847; and, on account of this suggestion I presume, I was informed 
that if I would accept tbe position of Secretary, or rather director, of 
tbe establishment, I would receive tbe appointment. 

Being at the time engaged in a series of original researches, I did 
not at first entertain the proposition ; but afterward, on tbe expression 
of the opinion of the more prominent members of the American Philo- 
sophical Society that it was my duty, as tbe only scientific candidate 
that had been proposed, to accept tbe appointment, I accordingly con- 
sented, was elected, and entered upon my duty; not, however, without 
much anxiety and great solicitude as to my ability in the line of admin- 
istration, but with the hope that the policy which I wished to inaugu- 
rate would be readily understood and properly appreciated ; that my 
plans would be immediately adopted ; and that, after seeing the Insti- 
tution fully under way in tbe direction proposed, I might retire from its 
charge, return to my former position iu the College of New Jersey, and 
resume my scientific investigations. In this, however, I waa sadly dis- 
appointed. 

Tbe plan proposed was too much iu advance of the popular intelli- 
gence of the day, both iu this country and in England, to be immedi- 
ately adopted. The value of scientific research had not then received 
that high appreciation which it enjoys at tbe present time; and, indeed, 
no distinctiou was then made between the popular expounder of scien- 
tific principles and the original investigator, to whose labors the world 
was indebted for important additions to human knowledge. 

Opposed to the views of establishing an institution the great feature of 
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which should be the facilitatiDg of oriKinsl research, was tbe organization 
which had been directed by Congress, namely, that provision should 
be made on a liberal scale for a mnsenm, a libiarj', a gallery of art, lec- 
tures, and an arboretum, involving the construction of a large building, 
whereas the plan for original research required a building of compara- 
tively small dimensions, the coat of which need not to have exceeded 
$oO,000; while the estimatt^ cost of the one proposed was $250,000, and 
it has actually cost more than double that sum. It was in vain to urge 
that the law of Congress might be altered, although the will of Smithsoo 
could never be changed. Pablic opinion apparently was generally in 
f'aror of the erection of a large building, and the establishment of a 
library, museum, gallery of art, and lectures. Still a majority of tbe 
Board of Regents were in favor of tbe plan of original research and 
pnbUcation, and, after much discussion, it was finally agreed, as an 
experiment, to divide the income into two equal parts, giving one 
part to what has been called the "active operations," and the other to 
the library, museum, and other local objects. In the attempt to carry 
oat thisdjvision, difBculties occurred which led to it« final abandonment, 
and to the adoption of another arrangement, that of making such pro- 
Tisiou from time to time for the museum and library and gallery of art 
as might be thought necessary under existing conditions. As might 
have been anticipated, the cost of the building far exceeded tbe origi- 
nal estimate, and tbe multiplicity of objects was far too great to be sas- 
taiued by the comparatively small income of the establishment. The 
increase of the library, by exchanges for the publications of the Institu- 
tion, itself was so rapid that the care and binding of the books alone 
absorbed a considerable part of tbe income. 

The collections of natural history and ethnology belonging to the Gov- 
ernment were transferred to the care of the Institution, and an allow- 
ance of only $4,000 annually made for their support, while, as tbe num- 
ber of specimens was continually increasing, the sum allowed by Con- 
gress finally scarcely paid more than one-fourth the actual expenses, 
without estimating the rent and cost of repair of the building. Besides 
this, Congress had presented to the Institution a portion of the public 
reservation on which tbe building is situated. In the planting of this 
with trees, nearly $10,000 of the Smithson income were expended. 

It is readily seen from this statement that with the increase of the 
library and museum, the formation of a gallery of art, and the sustain- 
ing of a public park, all tbeincome would be absorbed, and the cherished 
pinn of an institution to lltcilitate original research, and the publication 
of its results, must be abandoned. 

To prevent so undesirable a result, advantage was taken of the expo- 
sure of the books after tbe dre, to urge the plan of uniting the library of 
the Institution with that of Congress, and of tbe two to form a collec- 
tion worthy tbe name of National Library. Tbeproiwsition wasadopted, 
and tbe results have proved eminently successful. The Library of Con- 
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gress is now the largest id the Uuited States, the Bcientiflc part of 
which is rapidly becoming, through the Smithsonian exchangea, one 
of the best of the kind in the world. Furthermore, Congress is now 
about to erect a separate building for its accommodation. 

Previous to this anion of the libraries, however, an appropriation had 
been made by Congress for improving the public ground between the 
Potomac and the Capitol. Advantage ^as taken of this to Include the 
Smithsonian portion of these grounds in the general plan, and thus to 
relieve the Institution from the cost of its maintenance. 

The remaining drains npou the income, which continued to diminish 
the active operations, were the care of the building and the maiuteuance 
of the museum ; and the next step, therefore, was to iuduc* Cougess 
to relieve the Institution from these. The results, iu the mean time, of 
the active operations having signally demonstrated the importance of 
original research and pubhcations, together with the general system 
of exchanges which had been adopted. Congress finally lent a favorable 
ear to the petition for appropriations snfBcient to support the museum, 
and now annually appropriates ¥1Q,000 to this purpose. 

In justice to tbe trust, however, the Government ought to do much 
more than this. It should repay at least a portion of the $G00,000 
which have been expended on tbe building, erected in accordance with 
the instruction of Congress, aud far exceeding in cost an edifice wanted 
for tbe legitimate objects of the Institution. The proper course to adopt 
would be for Congress to take entire possession of the building for 
the National Museum, repay tbe Smitbson fund, say $300,000, adding 
$200,000 of this to tbe principal of the trust-fund, and applying tbe 
remainder to the erection of a separate building, consisting of offices, 
laboratories, store-rooms, &c., required for tbe present use of tbe 
Institution. 

Tbe only other requirement of Congress which has not been fully met 
is that of a gallery of art. It is tnie the Institution owns a very valu- 
able collection of specimens of the early masters to illustrate tbe prog- 
ress of the art of engraving, and some articles of painting and sculp- 
ture, which may be considered as forming the commencement of a gal- 
lery of art; but the expense of supporting a collection of this kind has 
been obviated by the establishment in this city of a gallery of art by 
the liberality of Mr. W. W. Corcoran, with an income larger than all of 
that firom the Smithson fund. 

Notwithstanding the various burdens which have interfered with the 
fail development of the plan of active operations, it is through this plan 
that the Institution has made itself known throughout every part of 
the civilized world. The publications which result fi-om the facilities 
it has afforded to original research are to be found in all the principal 
libraries, and its specimens in all the great public museums of the 
world. And it is hoited that in future, with the appropriations of Con- 
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gress for the sapport of the museum, still more important reanlts will 
be obtained. 

The success of the plan for reaUzing the intentions of Smithaon for 
increasing and diffusing knowledge among men has been due to its 
simplicity and efficiency. Under a Board of Begeuts, which holds its 
sessions once a year, the operations of the establishment are directed by 
a single individual, called the Secretary, who, with the consent of the 
Begeute, employs assistants and disburses the Income of the fund. In 
determining the appropriations to different objects of research, the 
advice of persons of established reputation in different branches of 
science is obtained, and in all cases, before an article is accepted for 
publication, it is submitted to a coounission of experts, who report npon 
its fitness for adoption by the Institution. In order to obtain a free and 
unbiased judgment, the name of the author, as for as possible, is concealed 
from the examiners, and the names of the latter are unluiown to the 
former. By adopting this coui:se the Institution secures the co-oi>enir 
tioD of the best minds of the countryj and in some cases has called iu 
the aid of foreign savans. It is gratifying to be able to state that in no 
instance has aid of this kind been declined. In this way the greatest 
amount of mental labor is secured with a given expenditure of funds. 
It is true the plan might have been adopted of electing men of original 
research in the varions branches of science, and supporting them entirely 
on the funds of the establishment; but the income was not sufficient for 
this purpose, as will be evident when the fact is considered that the will 
includes all branches of knowledge, and that everj- subjeet susceptible 
of increase is entitled to the benefit of the funds. At the beginniug, 
however,sinceCongre8sdirected the formation ofalibraryand a museum, 
it was necessary that the Secretary should have assistants to take 
especial charge of these Iwo branches of the establishment. With the 
transfer of the library to the core of the Govemuient, a libmriim of the 
Institution has been dispensed with; but since the museum is still under 
the care of the Institution, an assistant in charge of this is still re- 
quired, aud Professor Baird, who has acted as assistant sccretjiry, has 
bad charge of the musenm, and has rendered important service, notonly 
in the line of natural history, but in that of the general operations of 
the establishment. 

The greatest opposition to the plan of active operations was made by 
the friends of tlie establishment of a library, but they have finally aci^ui- 
esced in the propriety of the conrse which has been pursued. The num- 
ber of books of the first class which the Institution is bringing into the 
country tbrongU its system of exchange, and which are distributed 
to all the large cities of the Uuite^l States, more than compensates for 
the support of a restricted library in the city of Washington by the 
funds of the Institution. 

The plan iu regard to the musenm was also at first misnnderstood. 
It was supposed that because the Secretary opposed the establishment 
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of a mnseam at tbe expense of the Institation that he was not well dis- 
posed toward the advance of natural history. But this misappTehensioD 
can readily be removed by the consideratioo that natural history could 
be much more effectually advanced by expending less than a moiety of 
the eoflt of the building for the museum and tbe support of the collec- 
tions, in original explorations, in collecting specimens not to be pre- 
served, but to be distributed to all who might have the desire and ability 
lo investigate special problems in this branch of knowledge. The policy 
in regard to natural history is that of mailing collections of large num- 
bers of duplicate specimens to illustrate the natural productions of North 
America, to make these up into sets, reserving one for the Natiooal 
Museum, and distributing all the others for scientific and educational 
purposes to the museums of tbe world. In every case in which appli- 
cation has been made to tbe Institution by an original investigator from 
any part of tbe world for specimens connected with his researches, they 
have been sent to him as far as possible, assurance being given that the 
specimens would be properly used and full credit given to the name of 
Smitbson. As tbe specimens are collected, as a general rule, they are 
submitted to specialists in the various branches of natural history, who, 
without charge, classify, arrange, and label tbem for distribution. In 
this way the Institution has done much for natural history; but it is 
evident that it could have done much more had it not been obliged to 
support a public museum at the expense of several hundred thousand 
dallars for an edifice for this purpose. 

One prominent maxim of the Institution has been " co-operation not 
monopoly," and another, " in all cases, as far as possible, not to occupy 
ground especially cultivated by other establishments," or, in other words, 
not to expend the money of the bequest in doing that for which provis- 
ion could be obtained through other means. To grati^ men of litera- 
ture as well as to advance an important branch of knowledge, from the 
first much attention has been given to anthropology, including linguis- 
tics, antiquities, and eveiythiug which tends to reconstruct the history 
of man in the past; this being a common ground ou which the man of 
letters and of science could meet as harmonious collaborators. 

From the foregoing sketch it will be evident that the theory of the In- 
stitution is that of an ideal establishment for the collection of facts, the 
elaboration of these into general principles, and a diffusion of the re- 
sults among men of every race and of every clime. That an institution 
of this character, in which tbe accumulation of ideas and not merely of 
material objects is the great eud, should not have been proi)erly appre- 
ciated at first in a country so eminently practical as ours is not surpris- 
ing. But we are happy in knowing it has been from year to year 
growing in public estimation, and we are encouraged to cherish the 
belief that it will not only realize the ideas of the benevolent founder 
of the Institution, bnt also serve as an example of imitation, while the 



^d by Google 



EEPOBT OF THE SECBETART. 19 

errors which may have been comoiitted will also be of service in an 
opposite way. 

There is one featnre of the establishment onlained by Congress whidh 
is worthy of imitation in the conduct of all endowments for benevolent 
objects, namely, the restriction of all ex|jenditnrea to the annual interest. 
This role has been rigorously adhered to in the conduct of the Institu- 
tioD, and after ex|>ending, in accordance with the act of Congress, up- 
ward of t€00,000 on the buildings, the original fund remains intact with 
an addition made to it of upward of $150,000 by savings, judicious 
investments, &c. 

FINANCE3.- 

Tbe following is a general statement of the condition of the funds at 
the beginuing of the year 1873 : 

The amount originally received as the bequest of James 
Smitlison, of England, deposited in the Treasnr>' of the 
United States, in accordance with tbe act of Congress of 
August 10, 1846 1515,169 00 

The residuary legacy of Smithson, received in 1865, defKis- 
ited in the Treasurj' of the United States, iu accord- 
ance with the act of Congteas of February S, 1SG7 26, 210 63 

Total bequest of Smithson 541, 370 63 

Amount deposited in tlie Treasury of the United States, as 
authorized by act of Congress of February 8, 18C7, as 
derived from savings of income and increase in value of 
investments 108, 620 37 

Total permanent Smithson fund in the Treasury of the 
United States, bearing interest at 6 per cent., payable 
semi-annually in gold 050,000 00 

Iu addition, there remains of the extra fund from savings, 
&c., in Virginia bonds, at par, $88,125.20, now valued at. . 37, 000 00 

The balance iu First National Banklstof Jainiary, 1873. .. 17,811 30 

Total Smithson fimds 1st January, 1873 704,811 30 

The income of the Smithson fund during the year, including 

premium on gold, wa» 46. 916 45 

The expenditures were 45, 420 11 

Leaving a balance of 1, 496 34 

To be added to the balance at the beginning of the year 1872. 

Included in the income was $3,004.00 derived from back interest oa 
the Virgiuia bonds. The value of these bonds has appreciated diiriug 
the year. 
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PUBLICATIONS. 

The palilicatious of the lustitutioD are of thi-ee classes — tlie Con- 
tributions to Knowledge, the Miscellaneous Collections, aud the Annual 
Reports. The first consist of memoirs containing positive additions to 
science resting on original research, and which are generally the result 
of investigations to which the Institution has in some way rendered as 
sistance, or of such an expensive character as cannot otherwise be pub- 
lished. The Miscellaneous Collections are composed of works intended 
to facilitate the study of branches of natural history, meteorology, &c., 
and are designed especially t« induce individuals to engage in studies 
as specialties. The Annual Reports, beside an account of the opera- 
tions, expenditures, and condition of the Institution, contain translations 
from works not generally accessible to American students, reports of 
lectures, extracts from correspondence, &c. 

The following are the rules which have been adopted for the distribu- 
tion of these publications : 

1st. They are presented to learned societies of the first class which in 
return give complete series of their pubhcations to the Institution. 

2(1. To libraries of the first class which give in exchange their cata- 
logues and other publications, or an equivalent, from their dupUcate 
volumes, 

■ 3d, To colleges of tlio first class which furnish meteorologies observa- 
tions, catalogues of their hbraries and of their students, and all other 
publications relative to their oi^anization and history, 

4th. To States and Temtories, provided they give in return copies of 
all documents published under theur authority, 

5th, To public libraries in this country, not included in any of the 
foregoing classes, containing 15,000 volumes, especially if no other copies 
are given in the same place, and to smaller libraries where a large dis- 
trict would be otherwise unsupplied. 

Cth, To institutions devoted exclusively to the promotion of particular 
branches of knowledge are given such of the publications as relate to 
their respective objects. 

7tli, The Reports are presented to the meteorological observers, to con- 
tributors of valuable material to the hbrary or collections, and to per- 
sons engaged in special scientific research. 

The distribution of the publications of the Institution is a matter 
which requires much care and a judicious selectiou of recipients, the 
gieat object being to make known to the world the truths which may 
result from the expenditure of the Smithson tnnd. For this purpose, the 
jirincipal class of publications, namely, the Contributions, are so dis- 
tributed as to be accessible to the greatest number of readers, and this 
is evidently to principal hbraries. 

The volumes of Coutribulions are presented on the express condition 
that while they are to be carefnlly preserved they are to be accessible to 
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students and otliers who may desire to cooanlt them. These works, it 
maBt be recollected, are not of a iJOpular character, but require profound 
Btudy to fully understand them. They are, however, of immense impor- 
tance to the teacher and the popular exjmuuder of science. They eon- 
.taia the materials £rom which general treatises on special subjects are 
elatmrated. 

Full sets of the publications cannot be given to all who apply for them, 
since this will be impossible with the limited income of the Institution ; 
and, indeed, if earebe not exercised in the distribntion, so large a portion 
of the income will be aunnally expended oa the distribution of what has 
already been printed that nothing further can be done in the way of new 
publications. It mast be recollected that every addition to the list of 
distribution not only involves the giving of publications which have 
already been made but also of those which are to be made hereafter. 

At the coDunencemeut of the operations of the Institution the publi- 
cations were notstereotypedraud consequently the earlier volumes h<ive 
now become scarce, especially the^rjt^, of which there are no copies for 
distribution, although it can ocoasionally bo obtained at a second-hand 
book-store in some of the larger cities, the authors having been allowed 
to strike ofif an edition to sell on tbeir own account. 

No copyright has ever been taken for any of the publications of the 
Institution. They are left free to be used by the compiler of books 
without any restrictions except the one that full credit shall be given 
totbe name of Smithson for any extracts which may be made from them. 

The printing of the publications of the Institution almost since tlie 
orgauization has been principally done at Pbiladclphia, by the house of 
T. K. Collins, under the superintendence of Mr. J. W, Huff, whose accu- 
racy and typographical skill leave us nothing to desiro in this line. 
The stereotype plates are all deposited in the fire-proof vault of the 
basement of the Academy of Natural Science, Philadelphia; and to 
this society the Institution has been indebted many years for the cour- 
tesy of storing, free of cost, this valuable property. 

Pvblicationa in 1873. — Dnring the past year the volume of Tables and 
Besults of the Precipitation in Rain and ISnow in the Unitod States and 
at some stations in adjacent parts of North America, Central and South 
America, has been printed and partly distributed. It consists of 17$ 
qnarto pages, with five plates and three charts. It contains the abstracts 
ofail the records of observations of the rain-fall which have been made 
from the early settlement of this countrj- down to the close of the year 
1866, so far as tbey could be obtained. These records aiv from about 
twelve hundred stations, and consist of the observations made nnder 
the direction of the Institution, assisted since 1854 by the Patout-Oiiice 
and Department of Agriculture, of those of the Medical Department of 
the United States Army, of those by the United States Survey of the 
North and Northwest Lakes, of those made by the New York University 
system, by the Franklin Institute in Philadelphia, and also of those by 
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Other scientific institutions and individaals. Daring the past year the 
compilers have completed the tables of rain for 600 Smithsonian stations 
for the years 1868, 1869, and 1870, and of 220 military posts from Decem- 
ber, 1864, to Tiforember, 1871. The resnlt of all the observations has 
heen incorporated in the charts pablislied in 1872, but the tables will be 
combined with those already published at some future time. 

It is proper here to express oar obligations for the valuable co-opera- 
tion of the Medical Department of the Army, under Sorgeon-General 
Barnes, who has given us free accesstoall the unpublished records; and 
also for that of the Department of Agriculture, under its former commis- 
sioner, General Capron. These tables famish the means for important 
deductions intimately connected with the agriculture, commerce, and 
mechanical industry of the coantry, while they constitute a valuable con- 
ti'ibution to the physical geography of the globe. 

This memoir is one of a series embodying the results of all the labors 
of the Smithsonian Institution iu regard to the meteorology of the,United 
States. These will include not only all the observations which have been 
made under its own direction, but also the discussion of all that has been 
made by other parties. The whole series will embrace the tabulation 
and discussion of observations on the temperature, atmospheric pressure, 
direction and force of the wind, moisture of the air, and miscellaneous 
phenomena. 

Another work, that of Dr. Horatio C. Wood, jr., of Philadelphia, on 
the fresh-water alga, was briefly noticed in the report for 1870. It forms 
a complement to the great work on the marine algee by Dr. Harvey, 
published in 1858 by the Smithsonian Institution. It is illustrated by 
numerous drawings, made principally under the microscope, and will 
ser\^e to illustrate an obscure department of botany, and also to furnish 
the means by which investigators of minute microscopical organismsmay 
compare recent and fossil forms. The work was presented to the Amer- 
ican Philosophical Society and also to the Academy of Natural Sciences 
of Philadelphia, but the expense of the engravings prevented either of 
these societies from nndertaking its publication, although it was consid- 
ered entirely worthy of their adoption. It was referred by the Institu- 
tion to Dr. Torrey aud Professor Barnard for critical examination, and 
published on their recommendation. 

A large part of the material for this work was gathered by Dr. 
Wood himself, although he was indebted to several persons for aid, 
especially to Dr. J. S. Billings, of the United States Army, for col- 
lections made near Washington ; to Professor Bavenel, of South Car- 
olina, for collections in Texas, South Carolina, and Georgia; to Mr. 
C. J. Austin for specimens gathered in Northern New Jersey ; to Mr. 
William Canby for collections obtained in Florida; to Professor Sereno 
Watson for others from the Bocky Mountains; and to Dr. Lewis for 
Bx>ecimens from the White Mountains. The work embraces all famihen 
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of the fresh- water algse except the diatomaceae, which are so numerous 
as to constitute in themselves a special object of study. 

The sf nonomy of Professor Rahenhorst has been generally followed, 
this natoraliBt having gone over the subject most thoroughly, with fiilt 
access to all its literature. " To attempt to differ from him," says Dr. 
Wood, "would cause endless coufusion. I have therefore nearly always 
contented myself with his dictum, and have referred to him as authority 
for the names adopted." The memoir in question consists of 272 pages, 
and is lUnstrated hy 21 quarto-plates of a very expensive character, since 
they required in most cases a number of printings to produce the differ- 
ent cohtrs. 

Another investigation to the proaecntion of which the Institution has 
contributed is that by Mr. William Ferrel relative to the tides. To this 
subject the author has givcu much attention, aud has completeil a me- 
moir in regard to it, which is now in the press. This memoir does not 
purport to be a regular treatise on the tidal theory, but is for tbe most 
part supplementary to what has already been done. It does not, there- 
fore, include elementary principles, but pertains principally to those parte 
of the general theory in which new results are attainable or old ones 
susceptible of being presented in a more concise and simple manner. 
For the author's purpose, however, it was necessary to go over much of 
the ground which Itad been investigated; but all those parte of the sub- 
ject which had already been well treated are passed over with a mere 
reference as to where they might be found. At the time when thissubject 
was treated by La Place, Young, and Airj-, but few observations had 
been made and little attention had beeu given to tbe accurate compari- 
son of the results of observation with those of theory, or to the forma- 
tion of tehles for the purpose of predicting the time of the phases of the 
tides. For accomplishing the resnit it is necessary to obtain not only 
an accurate development of the solar and lunar distarbing forces, but 
also to determine the expressions which shall represent most accurately 
the tjdul relations to any one part of the whole of these disturbing fbrces. 
"Every investigator of the tides," says the author, "must frequently have 
felt the great need of formula) oftbia kind prepared to his hand, which 
be could use and thus save the labor of difficult developments and ac- 
curate determinations of co-efUciente in special cases." This great need 
the author has attempted to supply. 

Believing that most of the hitherto unexplained apparent acomahes 
in tbe tides are due to tbe friction of the water on tbe surface of the 
earth, tbe author has given special attention to tbe effects of this in 
all the various cases, not only on the hypothesis of ite being in direct 
proportiou to tbe velocity but also as the square of tbe velocity. Tbe 
results obtained in this part of the investigation are regarded as being 
interesting aud important in relation to some of the phenomena of tbe 
tides which have not hitherto been explained, especially to the occurrence 
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of tbe greatest tid^s in the Atlantic one or two days after the time of 
the greatest force. A correct tidal theory should fnniish the data for 
a det^riniuatioa of the moon's mass ; and this determination should l>e 
the same for every port. Considering this as one of the best tests 
of any tidal theory, the author has gireu much attention to framing 
various equations irom theory for this purpose, and to their application 
to the results of tidal observations at various ports. The comparisons 
are made with tbe extended series of observations of the United Stales 
Coast Survey and with the results obtained by tbe Tidal Committee of 
the British Association &om the analysis of tidal observatious of varioas 
ports by means of the harmonic method of analysis. The memoir also 
contains tbe discnssiou of the published series of observations of the 
French government at Brest, with a comparison of the results with 
theory, and a chapter ou the retardation of tlie earth's rotation on 
account of the tides, and its effect upon the appareut secular variation of 
the moon's motion in its orbit. 

Beside the labor expended on this memoir in the line of higher mathe- 
matics, it involves arithmetical computations of a very laborious charac- 
ter, the expense of which will be defrayed by the Institution. 

The investigation of the orbit of Uranus, by Prof. S. Newcomb, of 
the National Observatory, was substautiully completed in October last, 
and has since been entirely prepared for the press, with the exception 
of some final revision. Considerable additions and altemtions are, 
however, still required in the appended tables, to be used for comput- 
ing ephemerides of the planet ; but these the author hoi>es to complete 
in a few months, so that the work may be put in tbe hands of the 
printer early in 1873. 

This work, ou which the author has been engaged for thirteen years, 
has absorbed the greater part of his leisure time from his duties in tbe 
National Observatorj- during the last five years. Its preparation not 
only iuvolved abstruse mathematical discussions, but also arithmetical 
calculations of verj- great extent. The latter were made at the expense 
of the Institution ; and through the assistance thus rendered, Protessor 
Kewcomb has been enabled to complete his important investigations 
without devoting his energies to labors which conld be well performed 
by intelligence of a less valuable character. 

The following remarks by the author of this work may here be con- 
sidered in place : 

"It will perhaps surprise those not especially devoted to astronomy 
to learn that, ' although the planet Neptune has been known for a 
quarter of a century, the positions of Uninus iu all the astronomical 
ephemerides of Europe are still computed, without regard to the action 
of that body, from the old tablesofBouvard, dating back as far as 1820, 
the errors of which led to tbe discovery of Neptune in Itvlti. A result 
of tbb was that an occultation of Uranus by the moon, which occurred 
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in 1871, was erroueously predicted by the Kautical Almauac to the 
extent of Bome six miuates, aud in consequence a number of obscrvei-s 
wlio were od the alert to see so rare a pheDomenon missed it eutirely. 
An outcry was raised against the almanac in consequence, but it was 
met by the remarlt that that work could use ouly such tables as were 
at its disposal, and that the conBtruction of new ones correspondiug 
to the present state of ustronoaiy was now almost beyond the power 
of any individual, and could only be undertaken under the auspices of 
Bome sufficieutly liberal goveramenL 

"The disinclinatiou of astronomers to undertake such a work as this 
may be illustrated by the fact that the tables of Jupiter and Saturn, as 
well as those of Uranus, are more than fifty years old, aud are, of 
course, considerably in error. The Astronomical Society of Germany 
has been engaged in preparing the data for new tables of Jupiter during 
the past five years, but I am not aware of any recent report of progress. 

" The first chapter of the work gives an exposition of the method 
employed in calculating the action of the disturbing planets Jupiter, 
Saturn, and Keptane on the motion of Uranus. In the second chapter 
this method is illustrated by quite a detailed calculation of the pertur- 
bations of Uranus produced by Saturn, iucluding, however, only those 
which are of the first order with respect to the disturbing force. In the 
third, the perturbations produced by Jupiter and Neptune are given, but 
the computations are not presented with the same deteil. The fourth 
chapter opens with a preliminary investigation of the orbit of Saturn, 
usiug Hansen's perturbations and the Greenwich observations, the 
object being the accurate determination of the terms of the second 
order. This is followed by the computation of the terms of the second 
order produced by Saturn, which include those containing as a factor 
either the square of the mass of that planet, or the product of its mass 
by that of Jupiter or by that of.Uranus. The most remarkable of 
these terms is one of very long period, in which the results difier materi- 
ally from those of other authorities, including Le Verrier, Delaunay, 
Adams, and Hansen, who all agree among themselves. I cannot find 
any error in my work, and so must, of course, retain my own result, 
leaviug it to future investigators to find the cause of the discrepancy. 
The diiFercuce is of such a nature that it cannot affect the computed 
pot;ition of the planet imtil after the lapse of more than a century, 

" The sixth chapter gives adiscussion of all the observations of Uranus 
which have t>een published and reduced in such a manner as to be 
made use of. The entire number is 3,763. The correction to a provis- 
ional theory given by each series of observatious is deduced. 

" The object of the seventh chapter is to apply such corrections to the 
elements of Uranus and the mass of Neptune that the* observations 
shall be represented with the smallest possible outstanding errors. The 
mass of Neptune comes out -firfoA*'^'^''^^ exactly the same as that found 
by Professor Peirce more than twenty years ago. 
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" The representation of the observations by the concluded theory will 
probably be regarded as good. The mean oatstanding difference dar- 
ing each five years since the discovery of the planet only exceeds a 
second of arc iu a single instance, namely, during the years lS'.i2-^G, 
when it nmonuts to 1".4. This agreement is very much bett«r than any 
obtained before. Still the vast number of observations used, and the 
care taken to redace them to a uniform standard, led me to beheve a 
better representation possible; and the outstanding differences, minute 
though they be, follow a regular law, thus showing that they do not 
arise from the purely accidental errors of observation. How far they 
arise from errors in u:y own theoretical compntatious, how far from the 
reductions of the observations themselves, and how far from the ana- 
voidable errors of the instruments, I am unable to say without farther 
investigation. It would be desirable to learn whether they may l>e due 
to the action of a trans-N'eptaniau planet, but to do this would require 
an entire re-reduction of all the older observations. Such a work is ou 
many accounts an astronomical desideratum, but it coold not be under- 
taken except under the auspices of the Government 

" In the eighth chapter the general formulie and elements are collected 
and expressed in the form most convenient for permanent ase. 

"The ninth and concluding chapter gives tables by which the position 
of the planet may be computed for any time between the Christian era 
and the year 2300." 

It has been mentioned in several of the reports that the Institution 
has collected large numbers of vocabularies of the several Indian lan- 
guages of North America, including those of the Indian tribes of Wash- 
ington Territory, CaUfomia, northwest coast, New Mexico, Arizona, and 
the prairies ; that these bad been placed in the hands of Mr. George 
Gibbs for critical study and revision ; and that, after consultation with 
some of the principal philologists of the country, it had been concluded 
to publish them, as it wereprovisioually, as material for ethnological and 
linguistic investigations. During the past year Mr. Gibbs has devoted 
considerable time to the arrangement of these vocabularies, and has 
completed the preparation for the press of one of the sets, namely, that 
of the Selish langnage, which is now in the hands of the piinter.* 

the re-arrangement of the collections of the 
istitutiou has requested experts iu the various 
repare catalogues exhibiting the best arrange- 
4ses of the animal kingdom; the families, in 
ed in successive order, and the subfamilies to 
us: "15, Canidffi ; (15) a, Canina; ; (15) 6, Mega- 
ded that these numbers and letters shall be 

taja report, the work in quwtion has been stopped b; tli« 
I moat esteemed coUaboratoiB of the Institution. 
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attached to the specimens or receptacles contaiaiog tfaem, aod thus tbe 
aiceacy of an ordinary laborer, or one aocoDversant with the animals, 
can be utilized ia seuding for specimens, replacing them, and revising 
the collections. 

In accordfincewith the reqnests made, ProfeBsorGill has prepared three 
catalogues, one on the arrangement of the families of mollusks, referred 
to in prertons reports; another on the arrangement of the families of 
mammals; and a third on tbe arrangement of tbe families of fishes. Tbe 
last two were pablisbed in November, 1872. 

The "arrangement of tbe families of mammals" embraces a list of tbe 
recent as Veil as extinct families and subfamilies of the class. Of 
these, 136 are recognized. These are combioed nnder fourteen orders 
and three snbclasses, the subclasses being those almost nniversnlly recog- 
nized at the present time — monodelphia, didelphia, and ornithodelpbia. 
The orders of monodelphia have been segregated into two higher divi- 
sions, or "super-orders," equivalent to tbe edncabilia and ioeducabilia 
of Priuce Bonaparte, but with other characters derived from the interior 
structure of tbe brain; tbe edncabilia correspond with tbe arcbencepbala 
and gyrencephala of Owen combined, and the Ioeducabilia to thelissen- 
cepbala. 

"Synoptical tables of characters of tbe subdivisions of mammals, 
with a catalogue of tbe genera," have been in part published in connec- 
tion with and under cover of the arrangement of the families of mam- 
mals, embracing pages 13 to OS of that work; only that portion em- 
bi-acing the orders of educabilia has been completed, the remaining 
portion having been necessarily deferred. In contrasted dichotomous 
tables are given characters successively of tbe (1) subclasses, (2) the or- 
ders of monodelphia, and (3) the suborders, (4) famUies, and (5) sub- 
families of each group of the educabilian monodelphia. The " arrange- 
ment of the families of fishes " is limited to an enumeration of the sur- 
%iving families of the class, and was especially prepared for imme- 
diate use. Tbe group of " fishes "" is considered as an artificial combi- 
nation, and is divided into three classes — fishes proper, marsipobrancbi- 
ates, and lept ocardians. Tbe three classes contain 244 families, of 
which the true fishes embrace 240 ; the marsipobranchiates, 3 ; and the 
leptocardians, only 1. Tbe families of the fishes proper are combiued 
under eighteen orders and three subclasses ; tbe teleostein ganoidei and 
elasmobrancbiidifi'eriDginthlslastrespect&omMuller's—tbemost gener- 
ally accepted — classification simply in the union of the ganoids and dip- 
noans. The greatest deviation from the correot classifications is tbe 
constitution of the order teleocepbali. In an extended introduction the 
reasons are given for tbe modifications suggested. 

A large demand has been made for these catalogues for the arrauge- 
ment of other museums and collections. 

It wa3 mentioned in the last report that a new edition of tbe List of 
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Foreign CoiresponcleQtB of the Institation was in press. This work, con- 
taiuiog all the later additioos to the list, has beeu published, and is now 
ia use by the InstitutioQ and its correspondents. 

It was also stated that a List of the Scientific, Educational, and Liter- 
ary' Establishments in the United States was iu press. This work, which 
was prepared by Mr. W. J. Bhees, the chief clerk of the Institution, has 
been pablished, and is of much service iu the distribution of the publi- 
cations of the Institution, as well as those of the different Departments 
of Goveromeut, tuid of educational establishments, and will be of assist- 
ance to members of Congress in the distribution of documents. It 
includes 8,515 titles of societies, libraries, &c, as follows: 

Colleges, male and female, (so-called) 758 

Academies, normal and high-schools 2,SiM) 

Law schools and libraries 53 

Medical schools and libraries 221 

Theological schools and Ubranes 127 

Observatories 23 

Scientific societies and libraries 91 

Agricultural societies 1,0S2 

Libraries, general 2,692 

Asylums and hospitals 491 

Asylums for insane 65 

Asylums for deaf and dumb 38 

Asylums for blind 30 

Prisons hanng libraries 51 

For the purpose of forming a general hypsometrical map of the Xorth 
American continent and for collecting together, for permanent record 
and publication, the data on which snch a map should be based, letters 
of request- have been sent out in every direction likely to be available 
for such information, while the priuted reports of the various govern- 
mental, military, and geological exi^editious and of railroad and caual 
snr\'eys have been consulted and made to render tribute. The whole 
of this work has been placed iu charge of the to|K)grapher of the Post- 
Office Department, Mr. Walter L. iSichoIson, who reiwrts iu regard to 
it as follows: 

" Contributions, in manuscript, have beeu received from 312 engineers 
and other officers of railroad companies, furnishing a large body of valua- 
ble focts, which, with the heights shown on upward of TO graphic pro- 
files collected, give upward of 16,000 poiuts more or less accurately 
determined, over the several States and Territories. 

But great labor and perplexity have arisen from the discrepancies 
found to exist among many of the statements given, owing, chielly, to 
the various planes of reference used in the siu-veys, and to the iudefi- 
niteness in their refereucesj and great ditUcuIty bos been experienced 
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in co-ordinating the items so as to refer them all to a common base, the 
mean level of the sea, while another source of incoherence remains from 
the non-return of answers from niimerons railroad corporations, whicli 
have been applied to with all possible courtesy and with expression as 
to the value of the results soufjht. Unfortanately, many corporations 
and engineers have lost or taken- no pains to preserve the record of 
their snrveys. 

These collections of heights have been copied in twenty-five quarto- 
volumes, for preservation and convenience in collation. The heights 
are arranged under the names of places alphabetically, under the 
be^ings of the individual States, &c., for convenience of reference 
when published — givingcounty, specification of locality, and anthorlty, 
with notes where required. 

This large mass of material Is, in greater part, copied in manuscript 
directly from the returns — the individual names to be finally cut off in 
slips and arranged alphabetically for printing. White this is being pro- 
ceeded with, a map has been projected, to represent the mean results of 
tbe8edata,ona scale of five-millionth, size of map 52 inches by 39 inches, 
which will embrace the large area from 15° to 58° latitude, and, from 
east to west will take in Newfoundland, the Bermudas, the larger 
West India Islands, (to St. Thomas,) and on the northwest coast, Van- 
couver's Island and Queen Cbaflotte's Island, extending thns well up 
into Hudson's Bay and down to Central America." 

This work will form the basis of a physical map, and will be useful 
for many purposes of reference other than that of hypsometry. 

The report of the Institution for the year 1S71 was presented to Con- 
gress, and ordered to be printed. A resolution was offered as usual order- 
ing an extra number of copies; andthe House of Representatives directed 
an edition of 20,000 copies. This number was reduced in the Senate to 
12,500, and unfortunately, before an arrangement satisfactory to both 
branches of Congress could be made, the adjournment took place. Up 
to this time, however, no further action has been taken, and the Insti- 
tution is still without extra copies for distribution. 

As an ofi'set to this disappointment, we are gratified to be able to 
etate that a resolution passed Congress at the last session, directing 
that an edition of 2,000 copies of all the reports of which there were 
stereotype plates be printed for the use of the Institution for distribution 
to public libraries and especially to colleges and higher academies. The 
series of eight volumes thus reproduced includes the reports from the 
years 18C3 to 1870, inclnsive. 

We doubt not that Congress before the close of the present session 
will order the Public Printer to strike off the nsnal number of copies 
fh)m the stereotype plates of the report of .1871, and that we shall thus 
be enabled to gratify in some measure the increasing calls upon the In- 
stEtatioD for copies of this document. 
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1^ addition to the report of the Secretary, giving an account of the 

1 i j-tj j tiona, expenditares, &c., of the Institution, and the proceedings of 

tai^ Board of Regents to the 4th of April, 1872, the report for 1871 

««cicain8amenK>irof Sir John Frederic William Herschel, by N. S. Dodge, 

«(a«:|^. ; a eulogy oo Joseph Fourier, by Arago ; an acconnt of Pro£ Thomas 

Oraham's scientifio work, by William Odling; translations from the 

ti*ixtiian of a lecture on the relation of the physical sciences to science in 

ir^^oeral, by Ur. Helmholtz ; a lecture on alternate generation and par- 

cbenogcutm^ in the animal kiogdom, by Dr. 6. A. Komhuber ; a lecture 

«>D. the present state of our knowledge of cryptogamous plants, by Henry 

riginal paper on the secular variations of the 

I N. Stockwell, being an abstract of the elabor- 

tbe Institution in the Coutribations to Knowl- 

on methods of interpolation applicable to the 

series, such as tables of mortality, &c., by E. 

mofthe transactions of the Society of Physics 

ucrafrom June, ISTO, to June, 1871; tbescicu- 

bain Hallos north polar expedition; together 

tides on ethnology and meteorology. 

EXGHAKGES. 

utionin promoting literary and scientific inter- 
iitry and other parts of the world have been 
; year. The system of international exchanges 
>riucipal libraries and important societies, but 
ar of the minor institutions of Europe. The 
lie number of establishments in each country 
an is at present in correspondence : 
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229 
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AuBtntlia 26 

New Zealand 13 

PoljTDesia 1 

South America 36 

West Indies 7 

Mexico 9 

Central America 2 

British America 18 

General 4 

Total 1,985 

As in previous yeaj«, the Institntiou has received important aid from 
vaiious steamer and railroad lines iii the way of free freight, without 
■which the expense of carrying on the system woidd he far heyond tlie 
nieans at command. Ackuowledgmeut is again due for the liberality of 
the following wmpanies : 

Pacific Mail Steamship Company. 

Panama Railroad Company. 

Pacific St«am Navigation Company. 

New York and Mexico Steamship Company. 

New York and Brazil Steamship Company. 

North German Lloyd's Steamship Company. 

Hamburg American Packet Company. 

French Transatlantic Company. 

North Baltic Lloyd's Steamship Company. 

Jnman Steamship Company. 

Cunard Steamship Compauy. 

Anchor Steamship Compauy. 

The Adams Express Company also continues its liberal policy in re- 
gard to freight for the Institution. 

During the year 2,661 packages, containing many thousand different 
articles, were transmitted to foreign countries. These packages filled 
159 large boxes, having a cubical content of 954 feet, and weighing 
26,850 pounds. The parcels received at the Institution for parties in 
this country, in addition to those for the Smithstmian library, num- 
bered 4,635. 

It was meatioaed in the last report that the advantages which result 
from the system of tnt«rnationaI exchanges had become so apparent 
that arrangements similar to those adopted by the Smithsonian Insti- 
tution are beginning to be introduced into different parts of Europe, and 
that a central scientific bureau for the Netherlands had been estab- 
lished at Amsterdam to receive and transmit packages for different 
parts of the world, and in the United States to co-operate with the 
Smithsonian Institution. A similar arrangement hafi been proposed in 
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Brassels, by which the Belgian Acadetny will become a center of acientiflo 
exchanges. 

Duriog the past year we have received as usual, from persons abroad, 
copies of works to be distributed gratuitously to institutions and in- 
dividuals in thie county. 

Tue follomng are the regolations which are to be observed by parties 
availing themselves of the privilege of the Smithsoniau system of ex- 
change ; 

"The Smithsonian iDstitutioD receives parcels at any time with 
assurance of speedy delivery, at least to the more important addresses, 
upou tho following conditions, which must be strictly observed : 

" 1. Every package without exception must be enveloped in strong 
paper, and secured so as to bear separate transportation by express or 
otherwise. 

"2. The address of the institution or individual for whom the parcel 
is intended must be written legibly on the package, and the name of 
the sender must be written in one corner. 

"3. So single package must exceed the half of a cubic foot in bulk. 

"i. A detailed list of addresses of all the parcels sent, with their 
contents, must accompany them. 

' " 5. No letter or other commnnicatiou can be allowed in the parcel, 
excepting such as relates exclusively to the contents of the package. 

" 6. All packages must be delivered in Washington free of freight 
and other expenses. 

" Unless all these conditions are complied with, the parcels will not 
be forwarded from the Institution, and, on the failure to comply with 
the first and second conditions, wilt be returned to the sender for cor- 
rection. 

"The Institution recommends that every parcel shall containablank ac- 
knowledgment, to-be signed by tbo recipient and returned, either through 
the agent of the Institution, or, what is still better, direct by mail, to the 
sender. Should exchanges be desiredforwhat is sent, the factshonld also 
beexplicitly stated on the accompanying circular. Much disappointment 
has often been expressed at the absence of any return in kind for trans- 
missions; but unless these are specifically asked for they will &e- 
r,^,o„tw fail tn hfl nituie. It wUl facilitate the labors of the Institution 
r corresponding to the several addresses in the 
catalogue be marked on the face of each parcel ; 
a copy of the work will be forwarded to all who 

nral history will not be received for transmission, 
18 understanding as to their character and bulk." 



) last report that the accessions to the library dnr- ' 
1 as large as they were the year before, on account- 



REPORT OF THE 8ECEETAHY. 33 

of the war in Europe. Inl870tbe wbole number of books, &c,, received 
was 5.182 ; in IM71, 4,507 ; while during 1873 it bas been 5,902, as will be 
seen from the following detailed statement of the books, maps, and charts 
received by exchange iu 1872 : 

Volumes: 

Octavo or less 975 

Quarto or larger 287 

1,262 

Parts of volumes : 

Octavo or less , 1,371 

Quarto or larger 1,250 

2,621 

Pamphlets : 

Octavo or less 1,557 

Quarto or larger 324 

1,881 

Maps and charts 198 

Total receipts 5,962 

The following are some of the principal donations received in 1872 : 

From the Commission enrop^eniie du Danube, Oalatz — " Mi^moire sur 
lea travanx d'am^lio ration executes aux embouchures du Danube," with 
an atlas of 40 plates. 

From A. W. Franks, esq., London — " Catalogue of the Collection of 
Glass," formed by Felix Slade. London, 1871. Folio. Beautifully illus- 
trated. 

From the Observatorio do Infant* D. Luiz, Lisbon — " Anuals.** Vols, 
iii-viii, 1866-1870. Folio. 

From tlie Institut de France, Paris — " M^moires d'e I'Acad^uiie des 
sciences." Vols, xxxvi, xxxvii. 4to. "Comptes-reudus." Vols. Ixviii-lxx. 
» Tables C.eu»inile," 1851-1865. 4to. 

Fi-om Dr. K. Keek, Berlin, 203 pamphlets — University Theses. 

From the University of Tiibingen — " Kepcrtorium morale." Vols. 1-iii. 
1489. Folio. " Universitiitsschriften," 1870; and 18 pamphlets. 

From the Universities of Bonn, Erlangen,Criessen, Gottingeu, Greifs- 
wald, Halle, Heidelberg, Jena, Lei|)zig, Marburg, Pestli, Bern, Ziirich, 
and Havana — luaugural Dissertations for 1871, 

From the Royal Veterinary Academy, Utrecht — 47 pamphlets. 

From the University and Government of Chili, Santiago — 10 vol- 
umes aud 2 pamphlets. 

From the Public Library of Buenos Ayres — 151 volumes, 334 parts 
of volumes and pamphlets, and 7 charts. 

From the Hungariau Academy of Sciences, Pesth — 9 volumes and 
33 parts of volumes. 

From the Boyal Public Library, Stuttgart— 26 volumes and 11 parts. 
38 I 



34 EEPORT OF THE SECRETAEY. 

From the Hydrographic DepartmcDt of tlie Miaiatry of SfariDe, St 
Petersburg — 57 charts, 16 volumes, and 9 parts. 

From the Boyal Academy of Scieoces, &c., Boueu — " M«imoire stu 
le Conunissiou maritime de Koueo," vols, i and ii; aud "Pr^is ana- 
lytique," 1B(V4-1S70, 14 volumes. 

From the Ubio State Library, Columbus — 13 rolcmea aod 5 charts. 

Among the donations there are two which deserve especial notice, 
namely, the memoir upon the works which have been executed for the 
improvement of the mouth of the Danube, and the &c-similea of the 
Egyptian papyrus. 

The first consists of an account, with a large atlas of plates, of the 
investigations which have been made in regard to the obstruction in 
the way of navigation of the outlet of the Danube, through several 
channels along the delta of the river. This subject appears to have 
been of so much importance that a commission was instituted in accortl- 
ance with the provisions of the treaty of Paris of 30tfa March, ISOC, 
including the representatives of seven different powers. The bodj of 
the memoir in question gives an extended account of the following sub- 
jects: 1. Preliminary investigatious aud preparatory works; 'i. The 
choice of the mouth to be improved, and an elaboration of a definite 
project; 3. The provisional work. An appendix presents the report of 
the chief engineer, Sir Charles Hartley, containing: 1. A general de- 
scription of the delta of the Danube; 2. The formation of the bars ; 3. 
The means of improving the entrance to the river; 4. A comparison 
ot the diSereot branches ; 5. The result of meteorological and technical 
observations from 1859 to ISC'}; 6. Statistics relative to commerce aud 
navigation. The memoir is accompanied by a large atlas of 4U double- 
folio colored plates. 

The work is one of great value to the engineers of this country, in 
reference to the improvements which will doubtless be undertaken in 
reganl to the rivers and watcr-conrses of the United States. To this 
subject public attention has not been directed with an intensity com- 
mensurate with '\Xs importance. 

If we cast an eye on the map of the United States and view the rela- 
tion which exists between the vast body of water in the northern lakes 
and the branches of the Mississippi aud the Ohio, we must be struck 
with the means which nature has placed within the power of man for 
improving the navigation of the great water-courses which form the 
chauiiels of oomoinuicatiou between the interior of the conntiy and the 
sea-board. 

We have, in a previous report, mentioned the interesting fact that 
among our correspondents was the Institute of Egypt, founded at 
Alexandria in 1859. Since then onr correspondence with that coun- 
try has been kept np,and more especially increased during the last year 
by the visit to that country of one of the members of the Hoard of 
Kcgents, General Sherman. We have received irom General Stone, of 



r.,iz.dDyG00gIc 



BEPORT OF THE SECRETARY. 35 

the Egyptian army, an interesting chart of the fluctuations of the Nile, 
and from the author, Anguste Mariette Bey, the fac-similes of the Eg-yj)- 
tian papyrus in the museum of Boulaq, prepared under the auspices of 
a. A. Ismail Pacha, Khedive of Egypt. Tliese fac-similes occupy forty- 
four folio-plates, od tioted paper, representing iu color aud form the pres- 
ent appearance of the papyrus. 

Among the douatious to the lihrarj- should also be meotioned a col- 
lection of two thousand drawiogs of fishes, including copies of all known 
engravings of fishes published np to 1834, made by Br. A. Kcuss, for- 
merly of Germany, but now of Belleville, Illinois. 



The Secretary, from the first organization of the Light-House Board, 
has been one of its members, and has acted as <;hairman of the com- 
mittee on experiments. In this capacity he has madeiu past years an 
extended series of iuvestigations relative to different materials of illu- 
mination, also iuvestigations relative to different instruments proposed 
Ibr fog-signals, besides reportiug on alargenumberof propositions made 
to the board with the idea of improving the aids to navigation. During 
the last year he continued the investigations in regard to fog-signals, 
and for this purpose spent bis last summer's vacation on the coast of 
Maiue. For these services he receives no other compensation than ten 
cents a mite as traveling expenses. The work is one, however, in which 
he takes great interest, aud it has been to him a source of diversity of 
employmeut and a means of improved health. 

He has, during the past year, upon the retirement of Admiral Shu- 
brick, been elected chairman of the board. 

The Secretary is also one of the visitors to the Govemmeut Hospital 
for the Insane, and as President of the National Academy of Sciences 
directed the preparation of the instructions for scientific observations 
for Captain Uall'^ arctic exploration. In addition to the foregoing, the 
Government placed the direction of the exploration of Major Powell iu 
charge of the Smithsonian Institution. 

Appropriations have been made at the last two sessions of Congress 
for investigations, nnder the direction of Professor Baird, of this Institu- 
tion, relative to thealleged decrease of food-fishes on our coasts. To this 
at the last session WHS added an appropriation for stocking the rivers 
and lakes in the United States with useful fishes. These investigations 
hare occupied all the time and attention he could spare from bis duties 
in connection with the Smithsonian Institution. 

Besides the prominent subjects of immediate inquiry, there were quite 
a number of collateral matters bearing on the general questions, which 
were prosecuted at the same time, and which have in themselves much 
scientific interest. His headquarters for the season were fixe<l at East- 
port,on the Bay of Fundy;and,with Professor Verrilltetakechargo of the 
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invertebrate fauDa, he was eoabled to gather, both at Eastport and Grand 
Mauan, immeDse immbers of specimeDs, which, when fully elabomtcd, 
will l)e distribnted to various scieotific establisbmeDtfi throughout the 
woi'td. With the facilities furnished by theGorernment iu authorizing tbe 
use of the revenue-cutter Mosswood whenever necessary, the party was 
enabled to carry on thesfi researches iu every branch of the iuquiry, 
including dredging and temperuture-observatious at great depUis iu the 
Bay of Fundy. Every facility was heartily rendered in tliis work by 
Captain Ilodgdon and his officers. For a portion of tbetinieadetiiitof 
the party, consisting of Pi-ofessor Webster and Mr. C. H. Pond, was oc- 
cupied at Gape Porpoise, south of Portland, as also at the iislaud of 
Grand Manan. 

By permission of Professor Peiree, the Superintendent of tbe Ooait -Sur- 
vey, Professor Baird also placed a party on board UieCoast-SurveysteamiT 
Bache while surveying the Georges Banks and other slioals off tbe 
coast of New England ; this detail consisting for a time of Jfr. S. J. 
Smith, and Mr. Oscar Harger, of Tale College, and aittrward of Dr. A. 
S. Packard, jr., and Mr. Cook, of Salem. 

The additions to onr knowledge of the natural history of the Ameri- 
can seas made by all these parties has been very great, and tbe results 
will be published in detail in the report of the commissioner to be made 

I at Eastport himself, Professor Baird had a party also at 
e scene of his labors during the year 1871 ; and stneral 
tions to the known fauna of the Vineyard Sound region 
ing them, two genera and species of tbe sword-lish 
y unknown on the const of the United States ; and other 
irine animals, especially of fishes, were coutributed by 
ell, of Newport. 

is an account of the work done by Mr. F. B. Meeli, wlio 
ipartments in the building, and csamines aud reports 

II all specimens of paleontology and geologj- submitted 
It ion. 

tention during the year 1872 has been devoted to tbe 
eontological department of the Ohio State geologicid 
•Ilections have been sent to him at the Smithsonian 
has, from time to time, published preliminary {Kipers uu 
lie I'roceedings of tbe Academy of Natural Sciences of 
1 tbe American Journal of Science and Arts, and sub- 
ed more elaborate descriptious for the first volume of 
t of the Ohio Geological Survey, iu chai'ge of Dr. J. S. 
has also had the drawings, illnstratiug his part of this 
eport, and a part of those for tbe second volume, made 
1, under his immediate direction; aud has likewise ar- 
s aud superintended tbe engraving of the same, so fur 
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In the early part of the year be prepared for publication eotne notes 
an the geolopfj of the country immediately about the White Sulphur 
Spriugs, of Greenbrier Oonuty, West Virginia, with figures and 
descriptions of a few new fossils. He has likewise superintended tlie 
f ugraviug of the quarto-plates of fossils from the Upper Missouri coun- 
try, illustrating areport on the region, to be published by the Government 
in connection with the results of the United States Geological Survey 
of the Territories, hi charge of Ur. Hayden. 

On account of failing health he was induced to avail himself of an 
opjmrtunity to spend the summer in the Kocky ^louiitaius and along 
the Uuiou Pacific Railroad through to the Pacific, during which jour- 
ney he collected specimens anil made observations at the expense of 
the Government survey. Since his return he has prepared descri|)tious 
of some forty or fifty new species of fossils collected during his journey, 
to be published in Br. Hayden's report. 

METEOHOLOGY. 

Among the tirst acts of the Institution was the establishment of a 
system of meteorology, iuteuded especially to gather trustworthy iiilor- 
ntation as to the character of American storms and the general clima- 
tology of the United States. To assist in this enterprise, Mr. James V. 
E.spy was for several years previous to Ms death associated with the 
Institntion. LientenantMaury, then in charge of the Observatory, had 
previously established a system of meteorology for the sea, and for sev- 
eral years another system had been carried on by the War Department 
at the various militarj' posts of the United States, besides subordinate 
systems in the States of New York, Mas.sachusi>tts, and Penns.^lvaniii. 

It was the iuteotion of the Institution to harmonize these ditl'erent sys- 
tems, and, as far as possible, to reduce and discuss the results on one 
general plan. For this purpose it had pre[)ared at its expense, by Pro- 
fessor Onyot, a volume of meteorological tables, also a series of instruc- 
tions, and introduced a set of trustworthy instruments, constructed by 
Mr. James Green, of New York. 

The Institution was the flrat to employ the telegraph in the prediction 
of the weather; butas its income was not sufficient to carry on this oper- 
ation to its full extent, and owing to the interference of the war, the 
project was for a while abandoned. The proposition was, howe\'ei', 
afterward brought before Congress by other parties, and a system of 
weather-forecasts established nnder the direction of the War Depart- 
ment, in the especial chargeof Chief Signal-OtScerGcnend A. J. Myer. 

The placing of this system of forecasts under the War Department gave 
it special advantages not otherwise to be secured by it. The observers 
are all enlisted in the Army and paid out of the Army appropriations. 
The whole being under military discipline gives the system a regularity 
and efficiency which leaves nothing in this respect to be desired. The 
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appropriatioQ for the support of the Hygtem has thus lar been very lib- 
eral, aud I do not doubt it will coutinue to be so from year to year. 

Since the establishment of the Goverumeat system of weatber-fore- 
castslhave proposed, on thepartuf the Smithsonian lnstitutiou,toaban- 
don the field of meteorology to General Myer, preserving to the Institu- 
tion only the labor of discussing and redncnig all the observations which 
it has collected from its own observers and from all others in the coun- 
try np to, say, the year 1872. To this propositipn* I have not as yet 
received a reply. 

The Smithsonian system includes at present about five hundred obser- 
vers, whogive their services voluntarily. Tbey are of two classes: those 
who report upon the barometer, thermometer, psychrometer, rain and 
wind gauges, and those who rei>ort upon only the temperature, the 
wiud, the face of the sky, aud the rain. Of the first class there are 
iibout one hundred and fifty, and these serve as standards to which the 
observations of the second class are referred. Most of the instruments 
of the first class have been constructed by Mr. Green. The rain-gauges 
are of a very simple form, consisting of merely a cylinder of tinned 
iron, tn-o and a half inches in diameterand twelve inches deep, in which 
ihe rain is measured to within half a tenth of an inch by the insertion 
of a graduated slip of wood. 

If the system just described were incorporated with that of the Gov- 
ernment, and an agent sent from time to time throughout the country 
to instruct the observers, the whole would form a more extended and 
perfect system than any now in existence. The voluntary observers 
would render good service in supplementing the more precise observa- 
tions of the Army in marking the extent and boundary of special cod- 
ditions of the atmosphere and in noting casual phenomena, such as 
Ibuuder-storms, auroras, tornadoes, &c. . 

The Smithsonian system has now been in operation more than twenty 
years, and the Institution is at present occupied in reduciug and dis- 
cussing the observations up to 1870 for publicatioo. The only part of 
the results as yet published is that relating to the rainfall. The part 
ivlative to the winds will be put to press in the course of a few months. 
All the observations on the winds which the Institution has been able 
to collect from unpublished aud published records were placed in the 
hands of Professor J. H. Coffin, of Eastou, Pa., who has nearly com- 
pleted their discussion. Of this discussion of the " winds of the globe," 
which has been made at the expense of the Institution, excepting as far us 
the labors of Professor Cofliu were concerned, the tables have nearly all 
been completed, and the preparation of the maps and descriptious 
alone remains to be done pi-evious to putting the work to press. 

Alt the tem[>eratu re-observations have been for several years placed 
in charge of Mr. Charles A. Scbott, of the Coast Survey, and are being 
reduced as rapidly as the appropriation for the purpose from the Smilh- 
soniau income will allow. The first division of this work has been coin- 
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pleted, and wiil be seut to preaa during tUe coming year. This section 
coD8i»t8 of taldea and discuiviions necesssiry to reduce observations 
taken at different times of tbe day to tbe trne mean of the day, and 
otber general corrections of irregular observations, and bunco it was 
necessary tbat this sbould be prepared flrHt. It includes — 

1. General remarks on tbe explanation and e^ttreme cases of tbe daily 
fluvttiations of tbe temperature; investigation of tbe corrections to 
tbe mean temperature &om certain hours of tbe day to refer it to tbe 
true mean of tbe day. 

2. Tables of times of sunrise and sunset for every tenth day of the 
year, and between latitudes 33° and (MP. 

3. Applications of BessePs circular function to represent tbe daily 
f uctuatiou, (yearly average ;) the results for twenty stations are given. 

4. Classification of tbe daily Quctuatiou into six typical forms; epochs 
of maximum and minimum, and of mean values and daily range, ^with 
two diagrams.) 

5. Annual variation in the range of the daily fluctuation, (with two 
diagrams;) and extremes of daily fluctuation in December and June, 
(with three diagrams;) also table of recorded daily range of tempera- 
ture tor every month and for certain stations. 

6. Variability of tbe temperature at any hour fW>m tbe normal value 
of that hour, specially investigated for Toronto, Mohawk, Philadel- 
phia, and Sitka. 

7. Table of the mean values of the hourly, bihourly, or semi-hourly 
observations of temperature, for every month, at uineteen stations. 

8. Table of tbe daily fluctuations of temperature derived from the 
preceding table, and showing, for every hour and for each month and 
tbe year, the difference from the respective daily mean temperature. 

Self-registering instruments are absolutely necessary for this kind of 
investigation, and when their readings are applied will place the results 
on a more satisfactory footing, and one commensurate with tbe import- 
ance of the subject. 

The following is the condition of tbe work, which has been continued 
during the past year with the labor of two computers : 

1. Consolidated tables, giving the mean temperature for each month, 
season, and tbe year, have been prepared for the following States, &c.: 
Alabama, Alaska, Arizona, Colorado, Dakot^a, Idaho, Nebraska, West 
Virginia, Greenland, Iceland, British North America, and part of New 
York. 

2. A large number of observations made at Havana, Cuba, have been 
computed and added to tbe general tables. Various other additions 
have been made and many deficiencies supplied. 

3. About three-fonrtbs of the annual means at tbe different stations 
have been calculated, embracing about 7,000. 

i. The maxima and minima tables have been nearly completed. 
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MiaCBLLANEOUS. 

At a meeting of the Britisb Associatioa In ISCS a committee was 
appointed for the purpose of obtaining observations iii various localities 
OD theniteot' iucrease of underground temperature downward. This 
committee (through its secretary, Prof J. D. Everett) has requested 
the Institution to furnish observations ou this subject from the United 
States. 

These observations are generally made by iiotiug the temperature in 
artesian wells; and although a large number of these borings for water 
have been made iu this country, the precautious to be taken, and the 
skill required, in obtaining the true iucrease of temperature in relation 
to the depth are of a cliaracter not to be intrusted to ordinary obser- 
vers } and, thei-efore, to meet the requirements of the committee, a special 
agent Tvill be necessary to visit tlie different localities. The income of 
the Institution, up to this time, has not permitted the incurring of the 
cost of such an agency, although we hope in the future to be able to 
make an appropriation for the purpose. Iu the uieau while we have 
intrusted a set of four standard thermometers, furnished by Professor 
Everett, and compared at the Kew Observatory, to Mr. B. D. Frost, 
engineer of tbo Hoosac Tunnel, Massachusetts. 

The iuvestigation is one of great interest to the geologist, being inti- 
mately connected with the hypotheses concerning the geological changes 
to wUicb the globe, baa been subjected. The fact has been fully estab- 
lished that, iu every part of the world where observations have been 
made, after descending a few feet belOw the surface or beyond the 
depth at which the temperature of the ground is afTected by variations 
in the solar Iieat, there is a gra^Iunl increase of temperature varying in 
the rate of increase at different places, but on an average not far from 
one degree in every sixty feet, or a rate which, if continued, would indi- 
cate the fusiugiwiiit of iron at a depth of about twenty-eight miles. 

At the last meeting of the Board the subject of the desirability of 
the f^auking privilege to the Institution was discussed, as it had fre- 
quently been at previous meetings. Hon. Mr. Hamlin, who is a member 
of the Post-Oflice Committee of the Senate, offered to endeavor to pro- 
cure action of Congress in regard to this object, and accordingly at 
the last session the following law was enacted. 

,, .11 __.!.. :._^: — ggjjj jjj. received by the Smithsonian Institution, 
:age 'Smithsonian Exchange,' shall be allowed to 
," (New Postal Code, Gth subdiv., 183d sec.) 
n the above that the franking privilege is confined 
id does not relieve the Institution from the burden 
■respondence, and, above all, from a new and unex- 
pense in the mineral specimens which, since the 
tioo of the Land-Office to the museum of the Insti- 
ail from the different Government surveyors. We 



ilized by Google 



BEPOET OP THE SECEETABY. 41 

have before na a lot of Bpecimeiis from one Government officer on which 
postage of npward o^ thirty dollars is charged. Unless provision is 
made for the transmission of these to tiie Institutioo through the mails 
friMj of cost, as it was in the case of the Land-Ufliue, we shall be obliged 
to decline receiving them. 

By the will of Henrietta Jane Bedford, of Wilmington, Del., daugh- 
ter of Hon. Gunning Bedford, jr., one of the ii-amers of the Conutitu- 
tiou of the United States, aid-de-camp to General Washington, and 
tii-st district judge of the United States for the district of Delaware 
under the Constitution, a bequest was made to the Smithsonian Institu- 
tion of a pair of pocket-pistols, i)resented to her father by General 
Washington ; also a silver punob-straincr, said to have been made out 
of a silver dollar earned by Benjamin Franklin on the first day news- 
piiI)or8 were carried rouud the cit,\" of Boston for sale. In case these 
bc'<iuests should not be accepted by the Institution, they were to be given 
to the Historical Society of Delaware. 

While the motive which induced this bequest is fully appreciated, the 
objects, not being of a kind now in its collections, which relate more 
eitjieinally to natural history and anthropology, the Institution preferred 
that they should be presented to the Historical Society of Delaware. 

At the request of the ladies in ebarge at Mount Veniou it has been 
thought proi>er tp deposit with them the model of the 6:tstile of Pari.'j, 
pi-esented to General Washington ; an iron stirrup of a saddle used 
by Mrs. Washington ; and a small picture of Mount Vernon. These 
articles came into the possession of the Institution from the effects of 
the National Institute, and can be reclaimed for the National Museum 
at any time it may be thought important to obtain possession of them. 

It was mentioned in the last report that a jiortion of the large room 
ill the second story of the building was used for the exhibition of the 
cartoons or original sketches of Indian life, made by the e<-lohrated 
ludiau student, George Catlin. Mr. Oatlin continued bis exhibition of 
these pictures during the summer, and devoted all his time not occupied 
iu explaining his pictures to \'isitors, to linishiiig the sketches. Unfor- 
tunately, in passing between the Institution and bis boarding-place, 
which were separated by the distance of niore than a mile, be exposed 
himself to the beat of the unusually warm summer, and was seized with 
a malady which terminated his eventful life on the 23d of December, 
1872, in the seventy-seventh year of his age. 

Since the subject will again come before Congress, I may here repeat 
what was said in my report last year relative to the purchase by Con- 
gress of the Catlin collection : "The entire collection, which comprises 
about twelve buudred paintings and sketches, was offered by Mr. Oatlin 
to the Government in 184C, aud its purchase was advocated by Mr, Web- 
ster, Mr. Poinsett, Genei'al Cass, aud other statesmen, as well as by the 
principal artiste and scholars of the country. A report recommending 
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its pnrcbase was made by the Joint Gomnitttee on the Library of Con- 
gresa, but, owing to tbe absorption of public attention by tbe Me\iuin 
war, no appropriation was made for the purpose. Mr. OatHu imiUe uo 
further efi'urts at the time, but exhibited bis pictures in Europe, where, 
on a«conut of an unfortanate speculation into which he wae led in Lon- 
don, claims were brought against tliem which he had nut the means to 
satisfy. At this crisis, fortunately, Mr. Joseph Harrison, of Philadel- 
phia, a gentleman of wealth and patriotism, desiriug to save the collec- 
tion for our country, advanced the means for paying off the claims 
against the pictures, and shipped them to Philadelphia, where they have 
since remained unredeemed. Mr. Gatliu, however, retained possession 
of the cartoons, and has since enriched them with a large number of 
illustrations of the ethnology of South America. Whatever may be 
thought of these paintings from an artistic point of view, they are cer- 
tainly of great value as faithful representations of the person, features, 
manners, customs, implements, superstitions, festivals, and everytbtug 
whicli relates to the ethnological characteristics of the primitive inhabit- 
ants of our countrj'. We think that there is a general public sentiment 
in favor of granting the moderate appropriation asked for by Mr. Oatlin, 
and we trust that Congress will not fail to act in accordance with this 
feeling." It is the only general collection of the kind in existence, and 
any one who has given thought to the subject could scarcely fail to sym- 
pathize with the last anxious feelings of Mr. Catlin that, after a life of 
devotion to Indian ethuolog)', these results of his labors might be pur- 
chased by tbe Government. To insure the permanent presenation of the 
collection, Mr. Catlin would have gladly presented the pictures to tbe 
Government as a gift had he not expended all his worldly possessions in 
the formation of tbe collection, and therefore had nothing wherewith to 
redeem the portion of the general collection pledged for debt or to be- 
stow npon his three orphan daughters. 

NATIONAL MTJSEtJM. 
the support of the National Museum princi- 
Smithson fund, only $4,U0U having been annually 
■ess lor this puriKtse. Since that date, however, 
tt an intention of providing for the full support of 
) and 1871 it appropriated $10,000, and in 1871', 
I, however, is scarcely yet sufficient to defray the 

QStruction of the building, exclusive of furniture, 
ivas $13G,000, the whole of which was paid &om 
. This expenditure was for restoring the main 
Stting up rooms wanted for the further extension 
the latter purpose, Congress has made appro- 
tmonntiug in all to $35,000. Of these appropria- 
sen expended in ceiling, flooring, plastering, and 
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finishing tbe great Unll, occupying the entire second story of the muia 
building, iutended lor the extension of the musenm ; and, with the 
remainder of tbe appropriation, arrangements have been made for fur- 
nishing vitb cases this room, and also tbe Fooaitbmierly occupied by the 
libnirj', and now devoted to mineralogy and geology. 

^N'itb a view to the entire separation of the affairs of tbe mnsenm 
fiom those of tbe Smithsonian proper, all the operations of the latter, 
xrith tbe exception of those in the Kegents' room, are carried on in tbe 
east wing aud range of the building, leaving all the other parts, includ- 
ing the main edifice, towers, west wing, aud west range, to the museum 

The following is Professor Baird's account of the additions to the 
Museum, and the various operations conuected with it during 1872; 

Additions to the National Mmeum in 1872, in geographical sequence. — 
Tbe additions to tbe National Museum, in charge of tbe Smithsonian 
Institution, during the year have shown a gratifying increase over those 
of 1871, and have been decidedly equal in value to those of any previ- 
ous ye^r. The great bulk, as might be expected, ban been derived &om 
the collections of tbe various Government expeditions, especially those 
under the charge of Professor Hayden, Professor Powell, aud Lieuteu- 
ant Wheeler, supplemented, however, by others, contributed by private 
effort, especially on the part of Mr. Henry W. Elliot aud Mr. William 
H. Dall. 

A great addition to the magnitude of a portiou of the cabinet, namely, 
that of mineralogy' and geology, has been tbe result of tbe transfer to 
the Institntion, under tbe order of the SecreCarj' of the Interior, of the 
extensive museum of the LandOCBce. 

In the appendix to this report will be found a detailed list of the 
donors of the various specimens, together with the general indication of 
their nature ; but with a view of calling attention more particularly to 
the dift'ereut regions represented therein, I beg leave to present some 
remarks, both in regard to the auspices under which tbey were secured 
aud their general character. 

As in previous years, the principal regions of America are more or 
less represented amoug the additions in 1873, aud these, as usual, will 
be mentioned in systematic order. 

Beginning, therefore, with the Northwest Coast, we have, in the first 
place, from tbe Island of Saint Paul, one of the fur-seal group in Behr- 
ing Sea, a very extensive collection, presented by Mr. Henry W. Elliot, 
for a long time connected with the Institution. This gentleman visited 
the two se-al -islands, Saint Paul and Saint George, as an assistant agent 
of the Treasury Department, to attend to tbe interests of the Goveru* 
ment with the Alaska Commercial Company, and to look after the wel- 
fare of the native tribes. The collection embraces a large number of 
skeletons of many species of water-fowl, as well as tbeir skins aud eggs, 
quite a number of which are new to tbe national collection ; also various 
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fish, mollusca, and other mariue ohjects, together with mmerala, rocks, 
aud plants. 

Mr. William H. Dall also eoutributed largely from the region a 
little to the south of that occupied by Mr. Elliot, namely, Unalaska 
and some adjacent istaods. The most marked feature of Mr. Dall's 
contribution consists in the rich collections of pre-biatoric objects, some 
of tliem found in localities of which the native Aleuts hare no tradi- 
tion as being the site of ancieut settlements. The series is 0( interest, as 
shuwiDg the state of civilization among the progenitors of these people. 
Other objects collected by Mr. Dall consist of marine iu vertebrates, 
fishes, and onmerous birds, eggs, &c. Among the eggs are several new 
kinds, which, with the contributions by Mr. Elliot, nearly complete the 
desiderata of the National Kluseum in regard to the water-birds of the 
North Pacific. 

Some contributions have also heen obtained from Professor Harring- 
ton, the compiinioH of Mr. Dall. It should be stated that Mr. Dall 
has been engaged since July, 1871, in the service of the Coast Survey, 
iu surveying the Alentian Islands, aud that the collections made by 
him, like those of Mr. Elliot, were gathered entirely at his own ex- 
pense, at such periods as could not be occnpied by any regular official 
work. In addition to the specimens just named, skulls of rare species of 
cetaceans were supplied by Cautain Scammon, who has also added to 
them others from Southern California. 

From Oregon have been received several series of ludiau relics, and 
a number of human and other crania, presented by Mr. Bissell. 

California has furnished some curious remains of fossil vertebrates 
from Point Conception, presented by Mr. Sceva, aud collections of 
Sacramento aatmonidcB from Mr. Btone. Dr. L. G. Yates has coniiuued 
his coutribntions of ancient relics, as also of minerals and fossil remains. 
Some rare birds' eggs and nests have been furnished by Mr. William 
A. Cooper, of Santa Cruz. 

From the States and Territories in the interior of Korth America, 
especially those of the Great Basin and of tbe Uocky Monutaio region, 
the collections have been priucii>ally made on the part of the Govern- 
ment expeditions, nearly all of which have had tbe center of their opera- 
tions within these boundaries. Among these wc may mention, first, the 
parties of Professor Haydcu, who renewed in 1872 his explorations of 
1871 in the Geyser basins of the Upper Yellowstone, as also farther to 
the west, in the regions between Fort Hall and the Three Tetons. 

In addition to the researches prosecuted by his own immediate party, 
and its division under charge of Mr. Stevenson, with Professor F. H. 
Bradley as geologist, there were several subsidiary explorations prose- 
cuted in connection with Dr. Haydeu's labors, by Professor Joseph 
Leidy in Wyoming, and by Professors Meek and Bannister, Professor 
Lesquereux, and Professor E. D. Cope, all of whom added largely 
to the general collections, the total number of boxes of specimens re- 
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ceived from Professor Haydeu's expeditiou amoDDtiog to very nearly 
ODfl buudred. 

The labors of Lientenant Wheeler in the more soathern portions 
of the re^on referred to were continued tbroa^hont the season, with 
Messrs. Gilbert and Howell aa geologists, Dr. Yarrow as surgeon and 
cliief naturalist, Mr. Henshiiw as assistuut naturalist, and Mr. Sever- 
ance as ethnologist. The iuvestifrations of these gentlemen were prose- 
cuted in Southern Utah and in Eastern Nevada, and resulted in tlie 
acqnisition of rich collections of geological specimens, as also of a large 
series of animals, especially of the vertebrates. The ethnological cun- 
tributiousof the party were also of much interest. 

Professor Powell also, in continuation of preceding explorations along 
the Colorado River, devoted himself more particularly to the collection 
of Indian remains, and succeeded in procuring a very extensive series 
of everything illaKtratiug the habits and manners of the interesting 
tribes that now occupy that region. 

From Governor Amy, of New Mexico, the museum has received some 
valuable minerals, and numerous articles of dress and ornament of the 
Ajmches and other modern tribes. He has also contributed the re- 
mains of what Dr. Leidy considers to be a new species of American 
fossil elephant, and other bones of the same species were iinpplied by 
General J. H. Carletou. 

Some interesting reptiles of New Mexico were contributed by Dr. 
Bailey. Other collections of less extent will be found mentioned iu the 
table of list of contributions. 

From the valley of the Mississippi have been received human remains 
from the moundH of Dakota, contributed by General Thomas; from 
Loui-siana and Itfississippi, casts of some very remarkable stoue imple- 
ments, furnished by Professor Joseph Joues, of New Orleans; and also 
original flint objects, together with insects, from Mr. Keenan. 

Mr. J. G. Henderson has lent ns the rarities of his fine ethnological 
collection, gathered principally in Illinois, with permission to duplicate 
them by means of casts; while from Mr. Peters, of Kentucky, Mr. 
Anderson, of Ohio, and other gentlemen, additions have also been 
ma^le to the ethnological department. 

From the chain of lakes extensive contributions in the way of food- 
fishes have been furnished by various parties. Among them may be 
mentioned, as the most important contributor, Mr. J. W. Miluer, deputy 
commissioner of flsh and fisheries for the lakes. His tritnsmissions em- 
brace tho different species of trout and white-fish in great variety. 

In obedience to the instnictions of the minister of marine and fish- 
eries of Canada, the tlsh-wardens on the lakes have also supplied Npeci- 
mens of trout and white-fish from Lake Erie, Lake Ontario, Lake Cham- 
plain, the Saiut John's River, &e. These have been received from 
Messrs. Kerr, Kiel, ;ilacfic. and others. 
The Siate of Maine is vcty ami)ly represented iu tbo collections of 
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-^ y**r by meaDs of the apecimena of mariue animals collected by 
; - .iffS8or B»ird as United States commissiouer of fisL aud fisheries, aud 
lus Assistants and associates. lu addition to the coUectioDa made ou 
^i* <H»st of Maine, the Institution baa received, through the couuuis- 
stow of fisij amj fisheries, a valuable aeriea of the aalmon of the Pcnob- 
«cv< River from Mr. Atkina; of the blue-backed trout of the Eaiigely 
—fctfs from Mr. Stanley; and lake-trout and laud-locked salmon of the 
5*^-1 *- mix, from Senator Edmunds. Marino animals in great variety 
1- .. «f miioh iotor^^t were alao collected for the fiahery commission at 
Carolina, by Ur. H. 0. Ysirrow, assistant surgeon of 
Lrmy, supplemented by others tVom Dr. Mackie. 
>m the interior of the Atlautic coast States consisted 
m Mr. Kellogg, of Uonnecticutj minerals aud ix)ck4 
rom Itlr. Waldo ; and various specimens of bird.s from 
eorge A. Boardman. The trustees of the Charleston 
kind enough to lend to the Smithsonian Institution, 
ter, several unique objects of ethnology, 
t regions south of the United States, n-e may men- 
ions from the Isthmus of Tehuantepec, furnished by 
st, these consisting of numerous birdN and reptiles, 
similar collections previously transmitted. Mr, Flor 
Vera Cruz, alao furnished specimens of the rare and 
ing insects first described as Lyntra ceri/cra. 
have been received collections of insects, presented 

I from Nicaragua a collection of rare pottery, by Dr. 

II collections made several years ago by Dr. Bcrendt 
^ived during the year, cousisting principally of rep. 
s these were gathered at the expense of the several 
mmon fund, they were assigned for distribution to 
aud Professor Cope. 

au regions, New Granada is represented by a col- 
esented by the American minister at Bogota, Mr. 

Brazil by the skeletou of a tapir from Mr. Albu- 
i by a very valuable collection of native minerals 
rof Santiago, through Frofessor Domeyko, aud a 
I eggs of great interest from the national museum, 
>i. 

interesting Sooth American object is a human head 
:aro Indians of the province of Chimborazo, Peni, 
i Smithsonian Institution by Don Edward dc Feiger, 
We Rumsey Wing, United States minister to Ecua- 
ougs to a very rare series of ethnological objects, of 
ly have been brought to Europe and America. They 
rners in much veneration, and jealously guarded as 
. They are believed to be trophies of victories; the 
ing thus prepared for permanent preservation. The 
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precise method of manipalatioo is anktiowo, but ie supposed to coDsiat 
in the careful extractioo of the bones, flesti, and brains of the bead, and 
the sabsequent contracting of the skin by some astringent. The result 
IB a welt formed and qnit« symmetrical head, about four inehes in diame- 
ter; all parts contracted in equal proportion, and with long flowing 
black hair; a braid of strings is passed through the lips, and there ai-e 
several other artiUcial appendages. 

Prof. William M. Gabb has kindly presented to the National Museum 
some extremely rare and remarkable stone implements and potterj' from 
San Domingo, whileProfessor Poey, the eminent and veteran naturalistof 
Havana, has suppiietl a series of flshea from Cuba as types of his 8i>ecies. 

Fishes of Bermuda were also received from Mr. J. Brown Goode. 

The collections from other parts of the world, as might naturally have 
been expected, have not been so great, either in Dumber or value, as 
those already referred to, although some of them are very important, 
as tending to complete the series already in the museum. The most 
interesting of these objects are certain pre-bistoric stone implements, 
especially of the drift-period, presented by Mr. William Blackmore, 
of England, and a simitar collection furnished by Mr. Baker. 

Professor Hoist, of Cbristiania, has supplied a series of minerals from 
Konigsberg, a mining-region near that city, while Dr. Sara and Dr. 
Boeck have famished specimens of the Crustacea, Mr. Bobert Collett 
of the fishes, and Dr. William Boeck a skeleton of Hyperoodon. Dr. 
Miibins, of Kiel, has also sent us a series of the food-fishes and crusta- 
ceans from the vicinity of Kiel. 

No collections are recorded from Africa, with the exception of a 
snperb skull of the Koodoo antelope, from Captain Holmes. From 
Japan, however, have been received some remarkable stone and bronze 
implements of pre-historic times, presented by the Japanese minister, 
Mr. Mori. 

The Sandwich Islands are represented by collections of skulls and 
ethnology, from Mr. Valdemar Knudsen. 

Syntematic summary. The preceding enumeration expresses the geo- 
graphical relations of the collections received during the year; and it 
may be well, in addition, to make a brief systematic reference to the 
principal objects received, so far as this has not already been done, 
especially as somegeneralcollectioDS,covering a wide range of country, 
have not yet been referred to. 

The department of ethnology has been especially enrichotl, not only 
by the collections of Professor Powell, Mr. Dall, Professor Hayden, and 
others, but very largely by a contribution from Mr. Vincent (Jolyer. This 
gentleman, while connected with the Board of Indian CommiHSiouers, 
took occasion during his official visits in various parts of the Indian 
country to collect, at bis own expense, large numbers of objects, all of 
which are now in possession of the Institution. 
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"*!»■ ^Mid of the niumniy, presented by Don Edward de Feiger, 
^.- ... . n-itTn.'d to, is peihivps tbe most important of the ethnological 
-«'f-., M tUuro are other objects of very great interest worthy of 
luin. ABHHig them, one of special iuterest, is an Indian pi[>e of hhxck 
-i, .!•. cir^eiL in a very striking likenestt of a loon, found iu West 
■.Ti'iii* and presented by Itev, J. N. Davis. 

ii -J* dt'piirtuieiit of mineralogy and geology, the additions brought 
u )' ■?* parties of Lientenaut Wheeler and Professor Hayden have 
•miu «°>i<M-ially rich; the donation of Chilian minerals by Pn>l'essor 
;ijuic ■ uv and of Norwegian by Dr. Hoist, will do mncb to increa^u 
riw -i-i.-x of this portion of tbe collection. 

'.'■|i,' KKVit important addition, however, is that of the Land-Office 
^iili.'t:v3.<£i of minerals, embracing many thousands of specimens, and 
fst'Wii--",v rivh in series of ores from Nevada, Arizona, Utah, Coloi-a<lo. 
itPi > ;.',;:v»riiii». These collections will shortly be ananged with others 
t\ .it ssxmv character in the new mineralogical hall. 

, I ..vv doimrtnient of zoology, a contribution ixom the Imperial Zootog- 

I, ta. \.ts«'Uin of Vienna, of skeletons of large mammals, such as i hose of 

;tw vvi, tip^r, giraffe, brown bear, &c., may be considered as chief in 

^^■.Vi The skeleton of the Brazilian tapir, from Mr. Albuqucniue, is 

indering tbe collection of American 1;i|)irs 

iously possessed skeletons of the tapir of 

at, tbe Panama tapir from Captain Dow, 

rom Mr. Henry Hague; the last additions 

erfectly distinct species or varieties of this 

1 of the cetaceans of the west coast from 
n of hype roodou whale from Dr. Bwck, and 
8 of birds from Henry W. HIiot nmy also 

ief accessions have been that of a Bocky 
'Vheelor, since monnted and placed in the 
m an unknown source, and the restoi-atlon 
leposited by Mr. Waterhouse Hawkins, 
rgeons of London baa coutributetl a col- 
s of mammals. 

in is that of the rare Labrador duck from 
tory of New York; and the extensive col- 
,of Lieutenant Wheeler, of Mr. Dull, and of 
any important specimens. Tbe eggs fi'ora 
m in Alaska, and those from Chili, aro of 

18 been very large, made principally by or 
of flsh and fisheries. It embraces speci- 
tbe Sacramento Kiver, received fiom Mr 
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Livingston Stone, and of various localities on tbe great lakes, and in 
the States of Maine and Now UampsUire. 

The marine collections from the coast of Maine, Vineyard Sound, 
^ode Island, Fort Mnoou, Cuba, and the Bermudas have already been 
referred to. The Enropean colleccion presented by Messrs. Bars, Boeck, 
and Oollett, as also tbose of Dr. Mobius, of Kiel, will also be of much 
valae for purposes of comparison. 

The invertebrates gathered under similar auspices have also been 
very numerona, and will furnish ample means for distribution to other 
musenms. 

In accordance with the policy of tbe Institution, all tbe specimens of 
human anatomy, including crania and skeletons from the aucieut 
mounds, have been turned over aa soon as received to tbe Army 
Medical Musenm, while tbe insects and tbe [tlants have, in like manner, 
been deposited with the Agricultural Department. 

The total number of distinct donations received during the year 1S72 
amounted to 315 entries, comprising 544 separate packages and coming 
from 203 different donors. 

The corresponding figures for tbe year IdTl, consist of 271 donations, 
comprising 400 packages. 

Work done in tke museum. — ^The addition of so large a stock of ma- 
terial to tbe collections already in charge of the Institution, of course, 
involved a great deal of labor, sucb as the unpacking and classifying 
of tbe objects; the labeling of all, at least us to localities; the entering 
in their respective record - books ; the putting such of them in order 
as required it; placing snch as were ready for immediate exhibition 
on tbeir respective shelves; and storing the rest away where they could 
most readily be referred to ou occasion. 

All dry objects of an animal nature generally need prompt attention 
to prevent their being atfecteKl by mold or by tbe attJicks of insects ; 
ethnological objects usually requiring to be thoroughly cleaned and 
poisoned, while skins of animals, furs, Indian robes, dresses, &c., must 
be immersed in some poisonons solutiou before they can be considered 
as permanently secure. All this has been effected with a» much thor- 
oughness us the time and force at the command of tbe Institution would 
permit. 

lu addition to this, it was found that the immense collection of objects 
of dresses and ornaments belonging to the ethnological galleries, were 
more or less infected by moths, and it became necessary to subject the 
entire series to a process of renovation, embracing many thousands of 
specimens. 

The transfer of the mounted birds and mammals from the old stands 
to tbose of a neater form has also been prosecuted to ''. considerable ex- 
tent during tbe year, several thousands having been so treated, to the 
manifest improvement of the general appearance. 
4s 
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taot labors in the museum have been that 
bion of the extensive alcoUoliv collections, 
iafactory condition, in consequence of the 
lable confusion doring the process of recon- 
rtments of the Institution. 
ily stored in a damp cellar, where the labels 
ater or less degree ; and although the pre- 
< introduce within the jars uumbers corre- 
xterual label, yet both in many cases were 
(ible. It Tvas necessary, therefore, to use 
difficulty by re-labeling such specimens as 
jond recovery ; and this work has occupied 
he force tlie entire year. AU the bottles, 
1 and placed in a dry cellar, and during tbe 
e collection will be put in as good order as 

f tbe time of the employes of the museum 
er of the extensive collection of rocks and 
ce, which has necessarily required great care 
ut of the labels. This was, however, satis- 
tbe specimens are now safely in the posses- 
it is hoped, will be placed on their shelves 
73. 

keletons of the larger animals, such as the 
>f tapir, the American moose, the buffalo, 
ions, the elk, camel, &c., bavc been mounted 
iu the general collection. There is yet much 
n, the museum fortimately possessing very 
es of most of the American mammalia and 
;ral large mammals have also been mounted, 
e, walrus, and a considerable number of tbe 
autic coast. 

—In accordance with the policy adopted by 
I in the administration of the collections of 
1 has been done in the way of transmission 
nms at home and abroad. 
re choice stone implements in different mu- 
itry have been borrowed and duplicated by 
I of these prepared to i>ermit quit© an exten- 

3 by Professor Hayden during his different 
) past were all unpacked and arranged ; and 
j\ie Musenm of the Institution, the remainder 
teen or twenty sets, which were distributed 
demies throughout the country. This branch 
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of the work of tbe iDStitutioD, it is hoped, can be greatly extended 
daring tbe coraiog year, in view of the immense number of dupIioateB 
which will be fouDd iu the Land-OfBce collection aod in tbe collections 
jQst received from the varioas Government expeditione. 

A large namber of specimeua in mineralogy and geology were also 
boxed upand transmitted to Professor Egleston and Professor Newberry, 
of tbe School of Mines in ^New York, under tbe existing arrangement 
with those gentlemen to select and label a perfect single series for the 
National Museum and to exchange the duplicate specimens in its interest. 
Nnmerons returns have already been received of valuable material, 
adding greatly to the richness of tbe lithological department. 

Dr. Cones, assistant surgeon in tbe Army, having volunteered to pre- 
pare a monograph of tbe smaller rodents of Xorth America for publi- 
cation bj' the Institution, received at Baltimore the entire collection of 
specimens, both in alcohol and in skins. Having subjected these to a 
careful criticism, be made the duplicates into thirty sets, which will be 
distributed in the course of the coming year to the different museums 
in this country and Europe, in return for which we shall doubtless 
receive some valuable additions to the cabinet 

A few of tbe small number remaining on hand of sets of minerals, geo- 
logical si>ccimen8, shells, &c., have been sent ontto various addresses, 
and as also several series of birds, &c., mammals, skeletons, eggs, &c. 
Tbe entire number of specimens thns sent forth will be found in an 
accompanying table. 

The museum may now be considered as iu much bett«r condition than 
it has ever been before. The process of renovation is progressing as 
rapidly as possible, and will, before long, be completed. The establish- 
ment of better store-rooms in which to keep the unmounted skins of 
animals, and the alcoholic collections, has enabled us to work to much 
better advantage. As fast as each department can be reorganized and 
placed in a satisfactory condition, pains will be taken to eliminate the 
duplicates, and distribute them as authorized. The result will be to 
greatly reduce the bulk of cmde material to be cared for by tbe Insti- 
tution, and to render a great service to tbe cause of scientific instruc- 
tion by disseminating authentically-labeled types of the various species. 
Betums of great value may be expected also for these specimens. 

There is, however, a ^reat deal to be done before tbe collections at 
present in the National Museum may be considered as finally arranged, 
to say nothing of those yet to be received. The greater portion of tbe 
ethnological museum will need to be properly mounted on tablets, or 
otherwise prepared for permanent exhibition, and labeled. As soon as 
the cases in the large hall of the Institution can be completed, these 
specimens will be placed iu [rasition. It is intended to prepare a large 
niunber of effigies representing accurately the IJoeamenta, dress, and 
form of the tribes of Indians, and to place upon these their correspond- 
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ing ornaments, weapons, Sec; and to introdace tbem, either eiogly or in 
groaps, into suitable cases, where tbey can most readily be seen. 

The approach to completion of the new cases for the mineralogical 
hall, formerly occupied by the library, malies it necessary to re-arrange 
all the mineralogical and geological specimens, these inclading not only 
such as have been for a long time in the Institution, bat the newly-ac- 
qnired treasures from the Land-Office, and the Government expeditions 
of 1872. These transfers will vacate a portion of the present exhibition- 
room, amounting, perhaps, to nearly one-third its present capacity; and 
it is proposed to occupy the gaps thus made by specimens of mammal^ 
birds, *aud skeletons. Of these there are ample series in the building, 
enough, indeed, to fill several large rooms. Snch a selection will be 
made firum these as will make up the most imjiortant deficiencies in the 
mounted series at present on exhibition. 

Mineralogical collection. — Under the authorization of the Secretary of 
the Interior, the Commissioner of the Land-Office transferred to the care 
of the Institution, as a part of the National Museum, the collection of 
minerals which had been formed by Mr. Joseph Wilson, the previous 
Commissioner. Thiscollection, intended to illustrate the mineral resources 
of the country, consisted of samples of ores and geological specimens from 
every State and Territory in the Union. Though a very valuable addi- 
tion totheMuseam, itis formed in somedegree of duplicates of si»ecimeaa 
already in the Institution. Thisfact, however, will enable us to make up 
setsofduplicatesfordiatrihutiootocollegesandacademies. It is proposed 
to continue the plan inaugurated by Mr. Wilson, of ilhtstrating the 
mineral prodncts of all parts of the United States in addition to a gen- 
eral systematic mineralogical cabinet. For the exhibition of the latter 
the large room formerly occupied by the library will be devoted, while 
the connecting range, by a few changes, will serve as the re^^ptacle for 
the specimens to illustrate the former. 

In coDclnding the historj' of the Institution np to the year 1872, it will 
be evident that the establishment has had, on the whole, a successful 
career, although it has not been free from mishaps, and the appropriation 
of the fund was not at first as conformable to the strict interpretation 
of the will of the founder as could have been wished, yet continued 
improvement has been made in this respect from year to year. Not 
only the s'ate of the funds, but the character which the Institatiou has 
established over the world, will enable it to compare favorably with the 
management of any endowment with which we are at present acquainted. 

Ke8i>ectftilly submitted. 

JOSfiPH HENEY, 
Secretary Smithsonian Ivstitutton. 

WASHmoTON, February, 187' 
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George GaClia was bora in Wilkesbarre, in the valley of. Wyomiug, . 
PeuDsjlvBDia, in the year 1796. His father was a lawyer of coosidera- 
ble repatatioD, and designed bia son to practice the same professioa, 
which he did for a short time ; but his natural iDcllDaliioQ for art was bo 
strODg that after two or three years be abandoned the idea of becoming 
a lawyer and removed to Philadelphia, where he pursued his occupation 
principally as a portrait-painter. It was here that an incident occurred 
which determined that future career which has made his life and labors 
fomous. A party of roving Indians visiting Philadelphia, decorated 
with the barbaric splendor of their native dresses, by their bold and 
martial bearing, and by their nnconstrained attitudes and gestures, so 
Impressed him that he determined to become the historian of this 
remarkable race, which was rapidly becoming extinct, and to devote 
himselT to the illustration of their arts, types, manners, and customs. 

With this purpose in view, in 1830aud 1831, he accompanied Governor 
Clarke, of Saint Louis, then superintendent of Indian Affairs, who was 
engaged in making treaties with the W innebagoes, Monomoaees, Siiaw- 
nees, and Sacs and Foxes. In 1S32 he ascended the Missouri, on the 
steamer Yellowstone, to Fort Union, and atterward returaed, in a 
canoe, with two companions, a distance of 2,000 miles, visiting and 
painting all the tribes, so numerous at that time, on the whole length 
of the river. The next year he went up the Platte as far as Fort 
Laramie, and extended his journey to Great Salt Lake. In 1834 he 
explored the Mississippi as far as the Falls of Saint Anthony, and visited 
the Ojibheways and other tribes, and returned to Saint Louis, a distance 
of 900 miles, in a bark canoe. In 1835 he made a second visit to the 
Falls of Saint Anthony, and thence proceeded to the Bed Pipestone 
region on the Couteau des Prairies, and then, returning to the Falls of 
Saint Anthony, descended the river a second time in a canoe to Saint 
Louis. In 1836 he accompanied ColoBcl Dodge on an expedition to the 
Comanches and other sonthwe8t«rn tribes ; and in 1837 visited Florida 
for the purpose of painting the Scminoles and Euchees- During these 
eight years he visited fifty different tribes of North American Indians, 
taking sketches all the time. Having thus accumulated a large number 
of paintings representing the portraits of the principal men and the tribes 
and the pictures of savage life, he exhibited them in various parts of 
the United States, especially in Washington, Philadelphia, ^ew York, and 
Boston, with such success that, in 1839, he went to London and Paris, 
where the artist and his collections attracted general attention. From 
this time until 1852 he remained in Euroi>e, being everywhere treated 
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Table shomng the number of entrite in the record-books of the SmttAsonion 
Museum at the close of the years 1871 attd 1872, retpectively. 



Clasa. 


1871. 187a. 




12.059 l-.>,450 






61.250 02,718 

■ 7,K!6 ; 8,>ii9 

7,9^ , 9,758 


























7,697 , 7,715 
7,100 7,167 
10,931 ' 11,607 

















lucrease for 1873, i^,3rt7. 
Approximate tt^le of distribution of duplicate specimens to the end of\S12. 

Diatributioo 
daring 1872. 



Skdetona and skalls ,. 

Hamroals 

Birds 

Beptiles 

Fishea 

Eggs of birds 

Shells 

Crnataceans 

BadisU* 

Other marine tnvertwbrstes 
Plante it packages of neede 

Miaerala and rocks 

Ethnological spec! mens ... 

Diatomaceoos eulhs 

Total 



24.069 
1,841 
2,517 
6,627 

84,617 
1,078 

J>83 I 
l.(M4 i 

20.370 
4.112 
.1,313 
1.C7C 
2,2-ie 



37,095 
2,970 

5,398 
16,720 
137,192 

2,6S0 
778 

5,160 
29,705 
10. 141 
10.702 

1,739 

4.294 



158.260 317,960 



56 ADDITIONS TO THE COLLECTIONS. 

Al>DITiON3 TO THE GOLLECTIONS OF THE SMITHSONIAN 
INSTITUTION IN 1872. 

Abell, J. RalU. Indian relics, iusects, &c., from Virginia, 
Alhurst, J. Specimens from Northwest Coast. 
Aibuquerque, F. Skeleton of Tnpir and liead of Deer from Brazil. 
Allen, J. A., for Mm. of Comp. Zool., Cambridge, Mass. Specimen of 
Lagomys in alcohol, and uest and egg of Plectropltanes ornatm. 
Two specimens Leuoosticte tepkrocotis from Colorado, 
Ainan, S. Specimen of Spider-crab from Cbesapealie Bay. 
American Museum of A'rtt. HisU>ry, Sew York. Mounted specimen of 

Labrador Ducli, {Camptolaemvs labradorim.) 
Anderson, Wm. Etlinological specimens and fossils from Ohio. 
Amy, Bon. W. F. M. Bundle of arrows of White Mountain Apachett, 
Arizona, and many other specimens of Ethnology, Mineralogy, and 
Natunil History. 
Atkins, C. (i. Two 3i>ecimens of Salmon, from Bncksport, Me. 
Aubin, N. Copper-ores from Lake Superior. 
Subcock, Qen. 0. E. Specimens of ailici&ed wood from exeavatious of 

public works. Washingtou, D. 0. 
Bailey, Dr 0. W. One bottle alcoholic reptiles, insects, &c., from Hefr 

Mexico. 
Baird, Prof. 8. F.. U. 8. CommUiPr of Fisheries. Forty-four boxes general 
collectious from Gastport, Me. 
Embryonic chicken in alcohol, Washington, D. C. 
Baker, W. A, Collection of prehistoric flint implements from Great 

Britain. 
Barnes, Tbos., through Col. E. JewetL Copper chisel from Niagara Co., 

N.Y. 
Bendire, Lt. XT. S. A. Birds dried in the flesh, nests, and eggs, from 

Arizona. 
Berendt, Dr. H. Three boxes and one package general collections from 

Honduras. 
Binckley, J. M. ludiau stone implement from Virginia. 
Bissell, Geo. P. Stone implements, and antler imbedded in wood, from 

Creswell, Oregon. 
Blachiwre, W. Prehistoric stone relics from Europe. 
Blakeslee, D. ludiau stone relics from Ohio. 
Bloom, F. J. Fossils and Indian relics from Mississippi. 
Boeck, Axel. Crustaceans from Norway, 
Boles, Bon. T. 8. Specimens of iron-ore from Arkansas. 
Brevoort, J. Carson. Specimen of Bing-tailed Monkey from the Amazon, 

(fresh). 
Brown, Dr. Byland T. Specimens of rock-salt from Arizona. 
Brown, Son, 8. Q. Quartz arrow-head from Anacoscia, D. C. 
Brush, A. P. Indian stone implements from Qnincy, Pa. 
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Bryan, 0. Hf. Sknll of a monnd-builder, from monnd near Duba^e, 

Iowa. 
Carleton, Rev. Hiram. Specimens of wlieat prepared agaiust rnst. 
Carleion, Oen. J, B. One box fosail bones from Souora, Mex. 
Choate, J. B. Oue box fossils from Iowa aod Illinois. 
Clarkt, Geo, Fisbes from Lake Erie and Detroit Bii'er. 
Clarke, 8. C. Ethnological specimens from 9prDce Creek, Fla. 
Clebvme, Wm. Tbree boxes fossils from along the line of Union Pacific 

Railroad. 
Clements, C C, Sarveyw-Oeneral of TJtah. Specimens of silver-ores, 
Cochrane, J. Ancient pottery, &c, f^m Illinois. 
Cognmell, Mrs. W. F. Specimens of iron-ores from Lake Superior. 
Collett, Robert. Collection of Norwegian flabes. 
Colyer, Vincent. Indian clotbing, implements, &c., from Alaska and tbe 

western Territories. 
Comstock, Oen., U. 8. A. Specimens of dredgings made under tbe lake 

survey in Lake Superior. 
Cooper, W. A. Birds' eggs from Santa Crnz, Cal. 
Coues, Dr. Elliott, U. S. A. Skeleton and odd bones of Didelphys vir- 

ginianns, (types of bis monograpb of tbe species.) 
Curtis, R. C. Fossils from Genesee Co., N. T. 
Curtis, W. W. Specimens of quartz from Wisconsin. 
Cvaick, C. C. Ethnological specimens from Dakota Territory. 
Dall, W. H. General collections from Alaska and tbe Aleatian Islands, 

part of tbe collections by M. W. Harrington. 
Davis, Rev. J. H. Indian stone pipe, (loon shape,) from West Virginia. 
Itennis, Joel M. Ancient pottery from Newark, Obio. 
Doftson, J. R. Specimens of iron and iron-ores f^m Pennsylvania. 
Domegko, Dr. Ignacio, University of Chili. Eight boxes of Chilian min 

erals. 
Duvall, Geo, W. Specimen of Cormorant, ^Qrae^lm ditophus.) Sucking- 
flab, and woodcbuck, &om Annapolis, Md. 
J^er, C. B. Box of fossile from Cincinnati, Obto. 
Edrcards. Amory. Fossils from Kansas. 
Edwards, Vinal S. Fishes, &c., from Vineyard Sound, Mass. 
Elias, Mr. Medal issued Id commemoration of the introduction of wat«r 

into tbe city of Bnenos Ayres, Sontb America. 
EUiott, Henry W. Ten boxes general collections from Saint Paul's 

Island, Alaska. 
Faulkner, J. Collection of birds' eggs from Northern Illinois. 
Feiger, Don Ramon. Prepared head of Indian from Ecuador, South 

America, (through Hon. Ramsey Wing, United States minister.) 
Fithie, Jag. 8. Insects, &c., from Mississippi. 
Flint, Dr. Earl, One box of ancient pottery from Nicarngua. 
Qabb, Prof. W. M. One box stone implements and pottery from Santo 

Domingo. 
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6ibb<m, Lardner. Arrow-heads and Indiau relics from Soutb Carolina. 

Giles, Norwood. Birds' egga and nests from North Carolina. 

Oilpin, Dr. J. B. Specimens of Sea-Troat from Labrador and fishes from 
Nova Scotia. 

Ooldsmitk, Dr. through P. 8. Pkelps. One box flsb from Ticonderoga, 
Lake Cham plain. 

Qoode, Q. Brown. One box fishes from Bermuda. 

Greene, A. R. One package minerals and one can fish from Maine. 

Griffith, T. D. Cotton raised by Indians of Chickasaw Nation, Indiau 
Territory. 

Hamilton, Son. C. L. Specimen of white Coral from Key West, Fla. 

Hansen, F. Walter. One ancient implement of iwlisbed iron-ore from 
Texas. 

Sarenhertfh, J. R., U. 8. Survey'r-O^iH. Specimens of ores from Calave- 
ras Co., Cal. 

Harford, Q. One box of birds from San Miguel Island, California. 

Harris, Wyatt. Fossil univalve from Mt. Vernon, Mo. 

Hatckinx, B, Waterhouae. Model of Irish Elk (restored) on deposit. 

Sayden, Dr. F. V, General collections of minerals, fossils, aud speci- 
mens of Natural History from Wyoming, Utah, and Montana. 

Hatch, Dr. Four specimens of Silver Trout, from Centre Fond, Dublin, 
N. H. 

Henderson, Jno. Q. Indian stone implements from mound near Naples, 
11]., (loaned.) 

Hicks, W. R. One package Indiau relies from North Carolina. 

Hiigert, H. Specimens of silicified wood from N^ew Mexico. 

Sohbs, Maj. T. J. Specimen of Potomac Black Bass. 

Hoffman, Dr. A. B. Indian relics from Angel Island, Cala., (through 
Surgeon-General's office.) 

Hoffman, Dr. W. J. Tortoise from Colorado Desert. 

Holmes, G. 6. Skull and horns of African Antelope "Koodoo." 

Hoist, Dr. Chr., TJniversity of Ckristiania, Noricay. Collection of min- 
erals from Norway. 

Hoover, Jno. T. Nest of small Fly-Catcher from Dansville, N. Y. 

Hough, R. B. Nests and eggs of birds from Northern New York. 

Hovey, Geo. Specimen of Qordius iu alcohol. 

Howell, R. Indian relics aud fossils from Tioga Co., N. Y. 

HurHurt, Geo. H. One box of birds from New Granada. 

Imp. Mus. Vienna. See Pelzeln, A. von. 

Jewett, Cal. E. Stone disk from mound at Cedar Key, Fla. 

Jones, Dr. Jos. Casts of ancient stone implements from Louisiana. 

Jordan, H. C. Alcoholic collections from Brazil and Paraguay. 

Junghuuns, Dr. Two human skulls from Japan. 

Kalteyer, Geo. H. Fossil tooth [Ptgcliodm) from Texas. 

Keenan, T. J. R. Ethnological aud other specimens from Mississippi 



and Louisiana. 
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Kellogg, B. B. Indian stone impletnenta from yew Fairfield, Gt. 

Kerdievaly A. Minerals and fossils from West Virginia. 

Kerr, Jno. W. Eight specimens of Lake White-fish from Lakes Erie 

and Ontario. 
Kitl, Peter. One box White-fish from Wolf Island, Ontario. 
Knudsen, Valdemar. Ethnological and zoological collections from the 

Sandwich Islands. 
Kron, F. J. Indian antiquities from North Carolina. 
Lee, Col. J. O. C. Specimens of Indian potter^' and other relics from 

Arizooa. 
Lehane, Jos., Soxpital Steward U. S. A. Specimen of Mountain Bat, 

{iieotama,) and skin of Horned Owl from Camp Donglae, LTtab. 
Leidy, Dr. Joa. One box ethnological specimens from Wyoming Terr. 
Imcc, Capt. 8. B. Specimens of ancient Roman mosaic pavement from 

Italy. 
Ludington, C. Fresh fish, shells, &c., from lower Potomac. 
Macfie, R. One box Wbite-fisb (torn Albnrgh Springs, Vt. 
Mackenzie, Jos. Specimens of corals and shells imbedded in asphalt, 

from Cuba. 
Mackin, Dr. C. One jar alcoholic collectious from Beanfort, N. C. 
Marquardl, H. 8[»ectmens of Guaco, and Nopal, from Mexico. 
Maynard, C. J. One box birds, (lent for examination.) 
ifcCatlum, D. Specimen of Olow-worm. 

Mc Yi'iUiama, Dr. Specimen of rose-breasted Grosbeak from Washing- 
ton, D. G. 
Meigs, Gen. M. C. One jar alcoholic collections from Arizona, shells, 

&c, from Lower California. 
Merritt, Jno. F. Arrow-heads from Northern New York. 
Metcalf, W. Birds, &c., from Michigan. 

Miller, J. De Witt. Indian stone implements from New York. 
Miller, S. A. Collections of fossils from Ohio. 
Milner, James W. Collections of fishes, reptiles, &G., dry and in alcohol. 

from the great lakes. 
Mdlnu3, Dr. Karl, Univergity of Kiel, Pruaaia. Fishes from the Baltic 

Sea. 
Moore, A. B. Birds' nests and eggs from Florida. 
Moore, Carleton B. Indian stone relics from the Eastern Shore of Mnry- 

land. 
Mori, Hon. Arinori. Set of Japanese gold and silver coins, and ethno- 
logical specimens from Japan. 
Morris, Jordan, through Z. B. Sturgia. Fragment of fossil Coral {Favo- 

sites) from Salem, lud. 
MttUet, A. B, Two boxes of minentls. 
Munion, Ckas. Specimens of gray copper-ore. 
Jf us. Comp. Zoology, Cambridge, Maaa. Casts of fossils; two boxes general 

collections. 
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NeUon, W. J. Si>ecimeD of rock from Virgiuia. 

NichoU, Dr. C. H. Specimeas of Ja^ar and M<Hik^ from S. America, 

(died ill captivity at Qovemment Hospital for the iDBaoe.} 
SugtnU F, F. Birds' nesta aud eggs from Utah. 
Oler, R. D. lodiati flint implemeate from Illinots. 
PalmeTy Jos. Casts of skalls and alcoholic specimens. 
Papineau, E. A. Insects tmm Kansas. 
Peabody Mus. See Wyman, Dr. Jeffrie*. 

Pe}seln, Dr. A. t>on, imjiertal 3fiM. Vienna. One large box skeletons. 
Poey, Prof. F. Two casks and one box Cuban fishes, labeled. 
P<neell, Maj. J. W. General collections from Utah and Arizona. 
Poicell, Capt. S. One bos fishes from Rhode Island. 
Prentitis, Dr. D. W. Birds collected in the vicinity of Washington. 
Propper, Geo. H. Fossils and ethnological specimens &om Dakota Ter. 
Putnam, Geo. D. One box insects from Iowa. 
Read, Ret. D. One box ftesh-water shells from Minnesota. 
Reinsch, Dr. Paul. Herbarium of mosses (2 vola) from Oentral Europe. 
Richseelier, E. One box of eggs from Nazareth, Pa. 
RxTig, Lt. F. M. General collections from Alaska. 
Rf^inson, Miti Agnes C. Nest of Vireo from vicinity of Washington. 
Roessler, A. R. Specimen of copper-glance from Archie Co., Tex. 
Rouekendorff, W, Clnster of barnacles. 
Royal College of Surgeons, London, Prof. W, B. Flower. Casts of brains 

and osteological specimens. 
Rutter, E. Fresh fish (Coregoni) from Fredericton, N. B. 
Salt Lake Museum. One box minerals, fossils, &c. 
Sarg, Francis. Collections of insects and shells from Gaat«mala. 
8ars, 6. 0. Embryonic Ood fish from Norway. 
Sariorius, Florentin. Foar specimens of the wax-producing insect 

{Lystra cerifera) from Mirador, Mex. 
Sayre, W. Marine invertebrata from Sonth Carolina. 
Soammon, Capt. C. M. Specimens of bones of Cetaceans, &c., from N. W. 

Coast. 
Sceva, Geo. Five boxes of fossils from Ft. Conception, Cal. 
Schaekt, Bros., Sandusky, 0. One box fisb-products. 
Schoolcraft, Mrs. H. R. Indian flint knife. 
Schrock, J. Ethnological specimens from Ohio. 

Sfterman, Isaac C, Stuffed specimen of Bill-fish, {ffistiopliorus gladius.) 
Sinclair, Titos. Specimen of young Sucking-fish from George's Bank. 
Spencer, J. W. Fossils from Sullivan Co;, Ind. 
Stanley, H. O., through B. T. Richardson. Six jars Bine Trout from 

Kangely Lake, Me. 
Steams, R. E. C. One box birds' nests and general collections from 

California. 
Stimpson, Dr. W. Two cases general collections from Florida. 
Stone, Livingston. Salmou-eggs from Sacramento River, Cal. 
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Street, W. Egga of Hawks from EaBthampton, Haw. 

Sumiokrast, Dr. F. GeDeral collections from Tehnautepec, Mex. 

SurgeonOmeral U, 8. Army. See Hoffman, Dr. A. H. 

Swan, J. 0., tbrougb Geo. Qibbs. Indian implements ftom Washington 
Territory. 

Tkomat, Oen. H. 0. One box bones of monnd-bnilders from Dak ^to. 

Thompson, D. Indian stone relics from Ohio. 

Thompton, J. H. One jnr fisbes from New Bedford, Mass. 

Univertitjf of Chili, Santiago, Chiti. See Domeyko, 

Univeridty of Ckrigtiania. See HoUt, Dr. Chr. 

University of KieL See Mobius, Dr. K. 

XJnhtoum. Fossils from Onondaga Co., N. Y. Box of lifing plants 
from Washington Ter. Fresh skin of African Qnll. One Moth from 
Erie, Pa. One box specimens from Pa. One box alcoholic specimens 
and insects. One box fossil bones from North Carolina. One living 
serpent {AhasUn- erythrogrammvs) from Georgia. Ores from Amador 
Co., Cal. Bones of Mastodon from Mississippi. Silver-ores from 
Montana. One earthen pipe. 

Voorheet, F. W. Si>eciuieu of bog-iron ore from New Jersey. 

Waldo, Rev. Milton. One box minerals and fossils from Sonth Carolina. 

Walker, Dr. B. L, Indian stone hammers apd arrow-heads from Penn- 
ey 1%'auia. 

Wallace, Jno. Skeletons of Flamingo and Swan. 

Ward, Prof. H. A. Skeleton of Buffalo. 

Woiton, Jno., Surveyor-Qeneral Arizona. Specimens of silver-ores from 
variooB mines in Arizona. 

WattoH, S. Sets of plants made op for distribution. 

Waiters, Dr. W. Fragment of skin of a Plagioatome {torn Searsport,Mti. 

Webber, Mrs. Specimens of shells in alcobol from Florida. 

Westcott, 0. S. Specimen of Bald Eagle from Illinois. 

Wheeler, LI, O. M. General collections from Utah and Arizona. 

Wheeler, W. F., V. 8. Marshal. Skin of Bocky Mountain Goat from 
Montana Territory. 

Whitman, O. P. Beak of a Cnttle-fisb ftom Kockport, Me. 

Williams, S. C. Stone arrows and ax ft-om Fairfax Co., Ya. 

WiUon, Dr. J. S, Copper quiver from near Newark, O. 

Wood, Dr. W. M. One box general collections. 

Woodteorth, 0. H. Specimens of Horned Toad and insects from New 
Mexico. 

Wright, Okas. D. Brick from tbe wall of Pekin, China, (on deposit.) 

Wyman, Dr. Jeffries, Peabody Mvs., Cambridge, Mass. Three boxes of 
European prehistoric relics. 

Tarrotc, Dr. S. C. General collections from Ft. Macon, N. C. 

Yates, Dr. L. 6. Minerals and stone rolics from California. 

Tonge, Wm. Penn. Specimen of Shad from Alabama River. 

Zaremba, Dr. C. W. Fruit and leaves of Chilian Boldotree, (iVwrtii* 
froffmns.) 
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Besides the obserrers making monthly reports upon Smithsonian 
Vluak forms, the institation receives regolar retams fl«m — 

The Chief Signal Officer, United States Army, daily records, inoloding 
weather maps. 

JVtftft the Cental Park observaUtry, New York, weekly. 

From Choi. 0, JEmng, San Francisco, newspaper slips from the Alta 
Oalifomia, eoDtaining meteorological observations, monthly. 

Some of the observers fnrnish, in addition to their reports, more 
detailed descriptions of varions meteorological phenomena. 

MiiUer, Dr. B., Theological Beminary, Garthagena, Ohio, monthly. 

WilUamSf Bev. K. 0., Gastleton, Vermontj hourly meteorological ob- 
servations^ observations on magnetic variations, &c. 

Wing, Mis9 M. E., West Charlotte, Vermont, manuscript notes on the 
winds and the weather in general, record of periodical phenomena, &e. 

Printed summaries or abstracts fh>m newspapers or agricultural pub- 
lications are mentioned in the list of additional meteorological mate- 
rial. 

bbitish amebica. 

Nova Sooth : 
Acadia College, Wolfville, King's Province, BTB; D. F. Higgins, the 
present observer. The college has sent observations since 1851. 
New Beuwswick: , 

Murdoek, Qilbert, St. John, BTPB ; since 1860. 

Canada: 
SteKurt, James, Province Manitoba, Selkirk County, BTPE; since 
1869. 
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Newfoumduuto ; 
Detatteg, John, Saint John's, BTB, 1871. 

OI^, Henry A., Harbor Grace, remarks on anrora, &c, in MS., 1872. 
Munn, Archibald, Harbor Grace, TB; 1872. 

Quebec: 
Gilmtmr, Arthur H. L, Stanbridge, JUissisqnoi Oonnty, TB; since 1868. 

Ontasio : 
Wylie, Wm., Moant Forest, WelliDt;ton, and Grey Connties, BTPB. 
Beporte of Mount Forest Grammar School, weeUy, 1872. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



The Executive Committee of the Board of Begeots respectfully sab- 
mit the following report in relatioD to the funds of the lostitutioD, the 
receipts aud expenditures for the year 1872, and the estimates for the 
year 1873 : 

STATEMENT OP THE PUKD AT THE BEGINNING OF THE YEAR 1873. 

Amount originally received as the bequest of James Smith- 
son, of England, deposited in the Treasury of the United 
States, in accordance with the act of Cougress of August 
10, 1846 *516, 169 00 

Besiduaiy legacy of Siuitbson, received in 1865, depos- 
ited in the Treasury of the United States, in accordance 
with the act of Congress of February 8, 1867 26, 210 63 

Total bequest of Smithson 541, 379 63 

Amount deposited in the Treasury of the United States as 
authorized by act of Congress of February 8, 1867, 
derived from savings of income and increase in value of 
investments 108, 620 37 

Total permanent Smlthsdn fund in the Treasury of the 
United States, bearing interest at 6 per cent, payable 
semiannually in gold 650, 000 00 

In addition to the above there remains of the extra fund 
from savings, &c., in Virginia bonds, at par value, 
488,125.20, now valued at 37, 000 00 

Cash balauce in First :National Bank, 1st January, 1873 . . 17, 811 36 

Total Smithson Ainds Ist January, 1873 704, 811 36 

The Virginia stock has risen in value during the past year, and as 
the prospect is that the legislature of the State will make provision for 
the regular payment of the interest, the probability is that this stock 
will continue to rise. 

During the past year, tilie Institutioo has received from its agents, 
Messrs. Kiggs & Co., on account of back interest on Virginia bonds, 
after deducting expenses, $3,004.90, in regard to which a detailed account 
is given in a conimunicatiou of Ibe Secretary to the Board at its meet- 
ing of January 16th. 
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The balaoce at tbe begiuiiiog of tbe year, $17,811.30, as gireD in the 
foregoing statement as a part of the Smithson fund, has not been invested 
becaose it is reqaired to pay bills as they become due, previous to receiv- 
iug tbe eeini-aDDna] iDcome at tbe end of June, 1873, or, in other words, 
to support the iDStitntioD during the accumulation of tbe first balf 
year's semi-annaal interest. 

STATEWENT OF BBOBIPTS FBOM THE SMITHSON FOND FOB 1872. 

Interest on $650,000, at 6 per cent, lii gold $39, 000 00 

Premium on gold June and December, (13J and llj) — , 4,911 65 
Interest on Virginia stock, less commissions 3, 004 90 

Total receipts 4C, 910 45 

Total expenditnres from the Smithson income during 1872, 
as shown by tbe detailed statement given below 45, 430 11 

Balance unexpended 1, 496 34 

The above balance is added to the uninvested savings from previous 
years, viz, $16,315.02, making the $17,811.36 found in tbe preceding 
general statement of the condition of tbe fiinds. 

EXFEHDITUBBS PROM THE PUI'I'HSON FUND FOB 1873. 
Btiitding. 

Recoustrnction and repairs $6, 672 35 

Furniture and fixtures 1, 625 87 



Oeneral expmset. 

Meetings of the board $155 50 

IiightiDg tbe building, exclusive of Museum . 217 67 

Heating tbe building, exclusive of Museum. 754 00 

Postage, exclusive of Museopi 320 73 

Stationery, exclusive of Museum 641 62 

Incidentals, exclusive of Museum 525 62 

Salaries, clerk-hire, and labor 11, 153 83 

13, 668 97 

Publications and re»earehe», 

Smithsonian CoDtribntions, quarto $6,394 17 

Miscellaneous Collections, octavo 1,661 99 

Anbnal reports, octavo 527 50 

Meteorology 2,650 00 

Apparatus 645 00 

laboratory 169 87 

Lectures 600 00 

12,648 53 
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Literary and scieotiflc excbaoges through agencies in 
Loudon, Paris, Leipsic, Amsto^m, Stockholm, &e... $5,870 32 

Museum, 

Salaiies, preserratioa of coUectioDS, &&, paid from tbe 
Smithsoaian income in addition to the sums drawn from 
the appropriations by Congress 6,034 07 

Total expcnditare &om the Smithson foud in 1872, 
as given above 45, 420 11 

During the past year the Institution has advanced money for the 
payment of fi%ight on specimens, the purchase of apparatus for Govern- 
ment expeditions, &c, the repayments of which, together with the amount 
received for sales of publications and old material, have been deducted 
from the several items of the foregoing expenditares, as follows : 

From mnseam, for repayments for freight $610 03 

From exchanges, for repayments for fteight 462 81 

From apparatus, for instruments for expeditions 1, 306 23 

From lectures, for advance for scientific course 382 20 

From Smithsonian Contributions and Miscellaneous Collec- 
tions, for copies sold 307 36 

From building and incidentals, for sale of old material 44 68 

TotAl repayments and miscellaneous credits in 1872. . 3, 113 31 
The estimates for the year 1873 are aa follows : 

ESTIUATEB. 

Beeeiptt. 
From interest on the permanent fiind, in gold, to be re- 
ceived June 30, 1873 $19,500 00 

To be received December 31, 1873 19, 500 00 

Probable premium on gold at 10 per cent 3, 900 00 

From interest on Tirginia stock 1, 700 00 

Total receipts 44, 600 00 

Appropnaiion». 

For building $3, 000 00 

For general expenses 13, 000 00 

For publications and researches 20, OOO 00 

For exchanges 7, 000 00 

For contingencies 1,600 00 

44,600 OQ 

Digitized by Cotlt^lc 
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NATIONAL MUSEUM. 

Until the year 1870, tbe support of tbe Natfooal MuBeam bad prind- 
pallv devolved on the BmitbBomaD Institntion, only (1,000 baving been 
aDnaally appropriated by Ck>Dgrea8 for tbia pnrpoae. Since that date, 
however, OoDgress baa indicated the mt«ntiou of providing for the fall 
sapport of the HuBenm, as is evident from the following extracts fh>m 
the annoal appropriation acts: 

Smithsonian Institution : For preservation of tbe collec- 
tious of tbe surreyiDg and exploring expeditions of the 

Government, tea thousand dollars $10, 000 00 

4l8t Cong., Seas. II, Gbap. 292, Stat at Large 1869- 
Tl, p. 295. Act {Jnly 15, 1870) making appropria- 
tions for sundry civil exi>euBes, &c., for tbe fiscal year 
ending June 30, 1871. 

Smithsonian InsUtntion : For preservation of tbe collec- 
tions of the Borveying and exploring expeditions of the 

Government, ten thoasand dollars 10,000 00 

41st Gong., ScsB. Ill, Cb. 114, Stat, at Large 1869^71, 
p. 500. Act (March 3, 1871] making appropriations 
for sandry civil expenses of tbe Government, &c., for 
the fiscal year ending June 30, 1872. 

Smithsonian Institotlon: For preservation of the collec- 
tions of tbe Burveying and exploring expeditions of the 

Government, fifteen thousand dollars 15,000 00 

42d Cong., Sees. U, Ob. 416 Stat at Large 1871-^2, 
p. 361. Act (Jnne 10, 1872) making fq)propriations for 
sondry civil expenses, &c, for tbe fiscal year ending 
Jnoe 30, 1873. 

It should be noted in regard to tbe above appropriations that tlie fiscal 
y«ar of Government is not tbe same as that of the Institution, tbe 
former ending on tbe 30th of June, and tbe latter on tbe 31st of Decem- 
ber. From this fact it follows that although the last appropriation of 
CoDgress is 115,000 for the care of the Museum, yet the amount available 
from this appropriation, in 1872, was only (7,500, or tbe first half of 
(he appropriation for the fiscal year ending 30th June, 1873. 

Besides this, however, there was drawn the whole appropriation for 
the fiscal year ending 30tii of June, 1872, viz, (10,000, the first half of 
which should have been drawn tbe previous year, and thus have dimin- 
iahed tbe expenditure from tbe Smltbson income for the Museum in 
1871. 
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The following is therefore a statement of the receipts and exiienditnres 
for the care of the National Museum in 1872 ; 

AppropriatioD by Congress for the first half of the fiscal 
year ending 30th June, 1872, viz, July to Dec^nber, 1871 . $5, 000 00 

Appropriation by Congress for the first half of tlie fiscal year 
ending 30th June, 1872, viz, January to June, 1872 5, 000 00 

Total for fiscal year ending 30th June, 1872 10, 000 00 

Appropriation by Congress for tbe first half of the fiscal year 
ending 30th Jnae, 1873, viz, July to December, 1872 7, 500 00 

Total from coDgreasJonal appropriatian 17,500 00 

Also from Smitbson income for 1872, as sbowo in the preced- 
ing statement 5, 034 07 

Making a total for the care of the Museum 22,534 07 

This large expenditure was necessary for the preservation of a num- 
ber of perishable specimens, the mounting of tbe large casts of fossils 
presented by Professor Henry A. Ward, of Bocbester, N. Y., the prepa- 
ration of numerous skeletons, the transfer of the Mineralogical and Geo- 
logical Museum of tbe Government from the General Land-OfBce to tbe 
Smithsonian building, and tbe preliminary examination of the speci- 
mens of which it consisted. 

The cost of tbe reconstrnction of the building after the fire of 1865, 
exclusive of furniture, was (136,000, tbe whole of which was paid from 
the funds of the Institution for restoring tlie main building, and not for 
fitting up the rooms wanted for the further extensioo of the Mnseum. 
For the latter purpose Congress has made pruvisious in r:be followinir 
acts: 

Smithsonian Institution: Toward the completion of tbe 
ball require<l for the Goverument collectious, ten thou- 
sand dollars $10,000 00 

41st Cong., SesB. II, Cb. 292, Stat at Large 1869-'71, 
p. 295. Act (July 15, 1870) making appropriations 
for sundry civil expenses, &c., for the fiscal year end- 
ing June 30, 1871. 
Smithsooiiin Institution : For the completion of the hall 
required for tbe Goverument eotlectious, ten thousand 

dollars 10,000 00 

41st Cong., Sess. Ill, Cbap. 114, Stat, at Large 
1809-71, p. 501. Act (May 3, 1871) making appro- 
priations tor sundry civil expenses of tbe Government 
for the fiscal yeaf ending June 30, IST2. 
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Smitlisonian lostitatioii : To commence the proper fitting 
np, io a fire proof manner, of tbe vacant apartments in 
the SmithsoniaD Institution bailding, for tbe proper dis* 
tribation and exhibition of the Government collections 
of natural history, geology, and mineralogy, five thou- 
sand dollars $5,000 00 

42d Cong., Seas. II, Gh. 172, Stat, at Large 1871-'2, 
p. 131. Act (May 18, 1872) making appropriations to 
snpply deficiencies in tbe appropriations for tbe service 
of the Government for the fiscal year ending June 30, 
187^, and for former years. 
Smithsonian Institution: For the completion of the ball 
required for the GovenmieDt collections, ten thousand 

dollars 10,000 00 

12d Coug., Sess. II, Chap. 415, Stat, at Large, p. 361. 
Act (June 10, 1872) making appropriations for sundry 
civil exi>enses of the Government for the fiscal year 
ending June 30, 1873. 
Of these appropriations, $20,000 were expended in 1871 on account 
t^ ceiliug, flooring, plastering, and finishing halls for tbe extension of 
the Mnseum ; and in 1872, $2,962.50 for cases for tbe geological hall, 
leaving available for the first half of 1873, for finishing these cases, and 
for commencing those for the large ball in the second story of the main 
bailding, $12,037.50. * 

The foregoing ezpeuditnres for fitting up rooms for the Museum, 
$2,962.60, as well as those for tbe care and preservation of the collec- 
tions, $17,500, have been accounted for to tbe Secretary of tbe Interior, 
as in previous yeara 

The Executive Committee have examined thirteen hundred and ninety- 
five receipted vtmebers for payments made during the four quarters of 
the year 1872, both from the Smithson fund and the appropriations 
irom Congress. In every voucher tbe approval of the Secretary of the 
iDstitntion is given, and the certificate of an authorized agent of the 
lostitotion is appended, setting forth that tbe materials and property 
and services rendered were for the Institution, and to be applied to the 
purposes stated. 

The quarterly accounts-current, bniik-book, check book, and ledger 
have also been examined and found correct, shoiviug a balance in tbe 
First National Bank, let of January , 1873, of $17,811.30. 
Besnectfuliy submitted. 

PETER PARKER, 
JOBN MACLEAN, 
W. T. SHERMAN, 

Executive Committee. 
jAItVABY 20, 1873. 
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JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF THE 

SMITHSONIAN INSTITUTION. 



Thdbsday, January 16, 1873. 

A meeting of the Board of Ke^ots of the SmilbsoDian iDstitatioa was 
held this day, at 6 oVlock p. m. Present: The GbaDcellor Chief Justice 
Chase, Hon. S. Colfax, Hod. H. Hamlia, Hon. L. Trnmbull, Hon. J. W. 
St«ven80D, Hon. J. A. Garfield, Hon. L. P. Poland, General Sherman, 
Professor Agassiz, Hon. Peter Parker, Bev. Dr. John Maclean, and Pro- 
fessor Henry, the Secretary. 

The Chancellor being unable to be present at tbe beginning of the 
meeting, Hon. Mr. Hamlin was called to the chair. 

Tbe Chancellor arriving at 7 o'clock, aasnmed bis ofScial position as 
presiding ofBcer of the Boaiil. 

The Secretary informed the Board that since its last meeting the death 
of Hon. Garrett Davis of tbe United 8tat«s Senate had occurred, and tliat 
tbe vacancy thns created in the Board of Begents had been filled by tbe 
appointment of Hon. J. W. Stevenson, a Senator from the State of 
Kentacky ; whereupon, on motion of General Garfield, the following 
resolntions were adopted: 

Benolved, That the Board of Regents have heard tbe annonncement 
of the death of their highly esteemed colleague, Hon. Garrett Davis, of 
Kentucky, with deep and sincere regret. 

Betolvedf That in the death of Mr. Davis the Smithsonian Institution 
bas lost a warm friend, an edScient aupporter, and judicions adviser; 
fud the country a patriotic, virtuous, and influential citizen. 

B^9olved, That these resolutions be entered upon tbe journal, and a 
copy of them be tran8mitt«d to tbe family of the deceased. 

The Secretary presented to tbe Board an exhibit on a large diagram 
of tbe condition of the fands on tbe Ist of January, 1873, and of the 
receipts and expenditures during 1872. 

On motion of Mr. Hamlin, these exhibits were referred to the Execu- 
tive Committee. 

Hon, Peter Parker, in behalf of tbe Executive Committee, made sub- 
stantially the following preliminary report: 

" The Secretary, who by law is the custodian of the Smithsonian funds, 
has presented to the Begents an ocular exhibit of the present condition of 
these fnnds, and the Executive Committee have, at the present time, to 
state that they have been laboriously engaged for several days in exam- 
ining 1,395 vouchers for the expenditores of tbe InstitutioD for tbe past 
year ; and comparing these with the bank account, as well as the appio- 
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priations from Congress, find the whole in accordance with the statement 
iu the diagram sabmitted by the Secretary, there being a balance now 
ou hand iu the First National Bank of $17,811.36. At the next meeting 
the committee will present a detailed statement of all the accountB, with 
estimates of the receipts and appropriations for the year 1873." 

The Secretary presented the following statement relative to the inter- 
e»t on the Firffinia stock held by the Institution, as furnished by Riggs 
& Co. : 

mo. Jan. 16.' 2 per ceot. interest on $53,600, IcM $5.35 SI,0S4 65 

IS;2. JuDe31. tot $1,761 GuapoDB,$l,174,liitia i.iiAO J,ll» GO 

Aofc. 2. t of gl,761 coupons, $1.174, less} and tax, 177.77.. 1,096 23 

i^iflSO 43 

1^1. Dec. 23. Tolpercent.coamiBaiuiioDfnndiDg.9d3,125 30 fSW 31 

li^J. Jan. 12. To i per cent. commisBion on $58,700, conversion of 

registered to ooupon bonds 73 37 

Jane SI. To expreucbar)[e oa $58,700, bonds sent to Riobmond 

for atBxing State seal, inadvertently omitted .... aS> 20 

Aug. 3. ToespreeBOn$I,761coupon8toBicbmond 1 30 

Ang. 3. Toezpresa on $1,761 coupons to Bicbmond 1 50 

325 58 

1^73. KoT. 0. Balance paid by Riggs A^ Co. to the Institution 3,004 90 

This communication was referred to tbe Executive Committee. 

The subject of the deposit of the articles of fine art belonging to tbe 
Institution in the Corcoran Art Gallery was presented by tbe Secretary; 
and, on motion of General Garfield, it was 

Resolved, That the Executive Committee and the Secretary rei>ort as 
to the character and organization of the Corcoran Art Gallery, and the 
plan to be adopted by tbe Smithsonian Institution iu co-operating with 
that establishment and iu depositing articles with it. 

Dr. Maclean presented a statement relative to tbe claim for the por- 
trait of Washington, and stated that a report would be presented on the 
subject by the Executive Committee at the next meeting. 

Tlie Secretary presented tbe part of his annual report of the operations 
of the Institution during 1872 relative to original researches, viz : the 
planet Uranus; the tides; altitudes of over 1G,000 different places iu 
tbe United States; isothermal map; rain tables; winds and nnder- 
ground temperatures. 

On motion, the Board adjourned to meet on Monday, January 20, at 
i o'clock p. m. 

Monday, January 20, 1873. 
A meeting of tbe Board was held this day at 7 o'clock p. m. 
Present: The Chancellor Chief Justice Chase, lion. H. Hamlin, Hon. 
J W. Stevenson, Hon. L. Trnmbnll, Hon. J. A. Garfield, Hon. L. P. 
66 
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Polnod, General Sherman, Hon, Peter Parker, Professor L. Agaesiz, 
Rev. Dr. John Maclean, and the Secretary, Professor Henry. 

Tbe Chancellor took the chair. 

The minutes of tbe last meeting were read and approved. 

Kxcuses for non-attendance were received from Messrs. Clolfax, Cox, 
and Cooke. 

Hon. Peter Parker snbmitted the report of the Executive Cdmipittee, , 
which was read, and, on motion of Mr. Poland, was accepted. 

Dr. Maclean, from tbe Execntive Committee, presented a report ad- 
verse to tbe claim for a portrait of Wasbiogtou painted by C. W. 
Peale. 

Ou motion of Mr. Hamlin, the report was accepted, ordered to be 61ed, 
and a copy to be furnished to tbe claimant. 

The Secretary stated that during the last session of Congress, mainly 
through the efforts of Mr, Hamlin, tbe following provision hati been 
adopted in regard to posUige facilities: 

"All publictttioDS MDt or received b; the StnUhRooisn InstitDtion, msrlced on each 
package " SmitheoDian Ezohuige," Bbsll be alloned hi paM frbk in tub uhl." 

|K«w PoiUl Coda, Sib Sab-dlr., IHIh S«.. Jodv, 18^ 

This does not provide for letters, nor specimens of natural history j 
and since tbe transfer of the musenm of tbe Land-Uffice to tbe Institu- 
tion, the )>08tage on minerals sent by the United States surveyors had 
become a considerable item of expense. The Secretary of the Interior, 
however, had offered to receive for the Institution all such specimens, if 
sent by mail to that Department. 

Mr. Hamlin stated that a bill had passed tbe Honse of Bepreseuta- 
tives abolishing the franking privilege, and if it passed tbe Senate the 
Institution would again have to pay postage.' ' 

The Secretary stated that tbe Hew York, iCTewfoundland, and London 
Cable Telegraph Company, and the Western Union Telegraph Company 
had liberally granted the privilege the Institution bad requested, to 
transmit without charge between Europe and America announcements 
of astronomical discoveries, such as planets, comets, &c. 

Un motion of Mr. Hamlin, the following resolution was adopted : 

Resolved, That the thanks of the Board of Kegenis of the Smith- 
sonian Insritution be tendered to the Kew York, Kewfonndland, and 
London Telegraph Company, and to the Western Union Telegraph 
Company, for their grant of the free transmission of telegrams relative 
to astronomical discoveries. 

The Secretary stated that Mr. George Catlin, tbe Indian traveler and 
student of ethnology, who had exhibited his sketches of Indian life in 
the Institution, died in December last, and as it was very desirable that 
his valuable ethnological collection should be preserved, and, if possi- 
ble, secured by Congress, it was proper that tUe Board of Regents 
should take some action in regard to the matter. 

* This bill bas aioce become a law. 
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Professor Agaesiz commeoded the collectioD as of great etbuological 
Taloe, and expressed the opinion unbesitatingly tbat it ougbt to be 
pnrcbased by tbe GovemmeDt. 

On motion of GeDeral Garfield, it was resolved tbat the Executive 
Committee ascertain from tbe beirs of Mr. Catlin tbe terms on wbich 
his Indian paintings, sketcbes, specimens, &c., can be procured, and 
fnrnisb tbe infoimation, nitb sucb recommendation as tbej tbink pro- 
per, to tbe Librar; Committee of Congress. 

General Garfield presented tbe subject of the proposed endowment of 
agricultural colleges in a bill which had passed the Senate and wag 
now t>efore the Honse, and expressed the hope that some action could 
be taken to secure the benefit of the act to the Smithsonian Institution. 

Professor Agassis remarked that there were otber institntions in the 
comitry that were well worthy to share with this Institution any ben- 
efits which might be derived from tbe distribution of the proceeds of 
the sales of the public- lands ; especially the Musebm of Comparative 
Zoology in Cambridge. This mnseum now contains the largest collec- 
tion of specimens for tbe illustration of some departments of zoology of 
any in the world, and has been supported at an annual expense of from 
fifty to sixty thousand dollars, principally raised from donations of tbe 
friends of the establishment. Professor Agassiz also observed that be 
thought Professor Henry, in tbe distribution of specimens abroad, ought 
in all cases to ask for a return of an equivalent in kind. By not doing 
80 he interfered with the growth of other establishments of a similar 
character in this country, and especially with tbe museum at Cam- 
bridge. 

In reply Professor Henry stated that the policy of the lostitatioD 
from tbe beginning bad been of a most liberal character ; tbat its motto 
was " co-operation, not monopoly ;** that it bad endeavored to co-ojierate 
with all institntions in this country and abroadj tbat the beqnest was 
for the benefit of men, not for men of tiis conntry alone, butof every coun- 
try. Wbenever specimens have been wanted for scientific research, these 
BpecimeOB have been sent as far as tbe means of tbe lostitntiou would 
allow, and in cases where specimens were required for special investiga- 
tion in this country, the Institution has endeavored to procure them for 
the object reqaired. It is true a return in kind baa not been asked for 
because the appropriation from Congress for the support of the musenm 
bas not been more than one-fourtb of tbe actual cost, and the Institu- 
tion has not bad tbe means to pay for transportation of the specimens 
aod tbe care of those not immediately wanted for research. It has, 
however, in all cases distinctly announced, in presenting specimens to 
foreign iustitntions, that suitable returns would be expected from the 
tlapiicates in their collections wbenever the lustitntion might desire to 
obtain tbem.* The Institution has in this way a large accumulation of 
credit abroad, and now tbat the Government has commenced to make 
'See Appendix "G" to tlie JoDrnal of the Board. 
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more liberal |ii-ovisiou for the support of tiie National Museum, it may 
begiu to ask for specimens in returu, and iu doing so may barmouiously 
cooperate witli tUe Museum of Comparative Zoology by procuring speci- 
/ mens for it, aud in receiving from the latter others in return. 

At the request of the Board, Professor Agassiz then gave an 
Account* of bis latti expedition from Boston through the Straits of 
Magellan to San Francisco, in the steamer Hastiler, of the United Slates 
Coast Survey, after which the Board adjourned to meet at the call of 
the Secretary. 

Wedmesday, February 13, 1873. 

A meetiug of the Board of Begents was held this day, at 7 o'clock p. 
m. Present: Chief Justice Chnsc, Chancellor, Hon, H. Hamlin, Hon. 
L. Trumbull, Hon. J. A. Garfield, Hon. L. P. Poland, Hon. Peter Parker, 
Hon. H. D, Cooke,'aud the Secretary, Professor Uenry, 

The Chancellor took the chair. 

The minutes of the last meetiug were read and approved. 

Dr. Parker presented the following rejiort of the committee relative to 
the Corcoran Art Gallery : 

The committee to whom was referred the subject of inquiry into the 
character and organization of the Corcoran Art Gallery ,f and the plan 
(if any) to be adopted by the Smithsonian Institution in co-o|>ei'atiug 
with that establishment and in depositing articles with it, and report 
thereon, have to state : They loam that the Corcoran Art Gallery was 
incorjiorated by act of Congress on the 24th of May, 1870, [as appears 
from Statutes at Large, Porty -first Congress, second Session, chapter 3, 
page 139,] aud is in no way connected with the District or territorial 
government of Washington, 

Your committee have conferred with Mr. W. W. Corcoran, and leafn 
from him his desire in relation to the art gallery bearing his name is to 
make it one of very high order of art, and, with some exceptions which 
he specified, he is of the opinion the specimens of the Smithsonian will 
not come withiu the scope of his design. The profier of the aid of the 
Smithsonian Institution, through its extensive foreign correspondents 
and agencies, in collecting valuable works of art from abroad, will be 
highly appreciated by Mr. Corcoran and the Directors of the Corcoran 
Art Gallery. 

PETBB PAEEEB, 
\V. T. SHERMAN, 

Committee. 

Februabt 13, 1873. 

On motion of Mr. Hamlin, the following resolution was adopted : 
RcsoUeS, That the report of the committee be accepted, and, in view 
of the facts stated, uo further action iu the premises is required, except 

'See Appeuilix "A" tt 
t See Appendix " C " 
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80 far as relAtes to co-operatiou of the Smithsonian Inatitutioo in obtain- 
iDg for the Corcoran Arc Gallery contribntions from abroad ^vheu re- 
quested by tlie directors and at tbe expense of the corporation. 

Tbe Secretary announced the death of Piofessor James H. Coffin, who 
bad for many years been aasociated with tlie Institution in its meteor- 
ological work, and had nearly finished a very elaborate paper on the 
(finds of the gloI)e, prepared from material furnished by the Institntion, 
aud to be published as a Smithsonian Contribution to Knowledge. He 
spoke in tbe highest terms of tbe character of Professor CofiSn as a scien- 
tific investigator, an able 'eacher, and exemplary Cbristiao. 

On motion of lion. Mr. Trumbull, the following resolutions were 
adopted: 

Remlved, That tbe Board of Kegents have heard with profound sor- 
row of tbe death of Professor James H. Coffin, of Lafayette College, 
Easton, Pennsylvania. 

Setolved, That in the death of Professor Coffin tbe Smithsonian Insti- 
tntion has lost a valuable collaborator who has assiduously laboretl in 
couuection with it in the cause of science for more than twenty years; 
the country ba» lost an efficient teacher, an honest, truthful, and indus- 
trions man, and the world an original contributor to the science of the 
day. 

tUgolttd, That a copy of these resolutions be transmitted to the fam> 
ily of tbe deceased. 

The Secretary stated that since the last meeting he had received a 
telegram from Dr. C. H. Peters, of Clinton, New York, announcing the 
discovery of a new planet, and that be had availed himself of tbe facili- 
ties offered by the Cable and Western Union Companies, and bad sent a 
dispatch in regard to the discovery to the European obsei'vatories. 
. Tbe Secretary informed the Board that James Hamilton, of Carlisle, 
Pennsylvania, recently deceased, bad left a legacy of one thousand 
dollars to the Board of Regents of the Smithsonian Institution, tbe 
interest to be "appropriated biennially, either in money or a medal, for 
such contribution, i)aper, or lecture on any scientific or useful subject as 
the secretaries may approve." Action on this subject was postponed 
until more definite information had been received.' 

Tbe Secretary stated that an amendment had been offered in the 
House of Representatives, but not at the instance of tbe Institution, 
to Senate bill 695, " to provide for the further endowment and support 
of colleges for the benefit of agriculture, &c., &&," as follows: 

"And it is further provided, that the share allotted to tbe said District 
of Columbia shall be appropriated to the Smithsonian Institution, to 
be expended under the direction of the Board of Regents of said Insti- 
tntion, for the supitort of the National Museum, and in distributing 
qkecimens and pnblicatious to the colleges named in this act and to 
other institutions." 

* Sue Will ill ApiieudiiL "K" to Joiininl of Boaril. 
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By this bill the Secretary of tbe Treasury is to iDvust aonaully odb- 
fourtb of the net amount of sales of the public lauds for each year, io 
United States bonds, bearing five per cent, interest, and is to give to eacU 
State and to the District of Columbia au eqnal share of this interest, pro- 
vided tbat tbe nppropriatiou for any one slinre shall not exceed in a 
single year the sum of $50,000. 

The opinion was expressed by the Begents that the bill might pass, 
although it was believed that the income to be derived from tbe sales of 
tbe public lands would be inconsiderable for many years." 

Tbe Secretary stated tbat the plan of the Smithsonian Institution for 
increasing knowledge had met with such favor, tbat other persons, iu 
imitation of James Smithson, had established foundations to advance 
science, and gave an account of the bequest of the lute Professor Alex- 
AKDEK Dallas Bache ; tbe fonndatiou for lectures by Dr. J. M. Toneb, 
of Washington, and the gift of Professor Tyjsdai.l of tbe proceeds of bis 
recent lectures in this country. 

In each of these cases. Professor Henry had been made the chairman 
of tbe boards of trustees appointed to carry out tbe wishes of the flonors. 

On motion of General Garfield, it was 

Retolved, Tbat a full account of the Bache, Toner, and Tyndall sci- 
entific foundations, or trusts, be published in tbe annual report of this 
Institution, together with a letter from Professor Tyndall to Professor 
Henry.t 

The Secretary stated that he had transmitted to Congress the aniiuul 
report of Professor J. W. Powell, relative to his geological and trigouo- 
metrical survey of the Colorado of the West and its tributaries. 

Tbe Secretary presented his annual report for the year 1873, which 
was read in port, when, on motion of Dr. Parker, it was 

Resolved, Tbat the further reading of the report of Professor Henry be 
dispensed with, and that it he submitted by tbe Secretary to Congress. 

On motion, the Board then adjourned sine die. 

' Tbi« bill did Dot paw tbe HoaHe of RepreseDtativea. 

t See Appeu'lix "B," "D," "E" to theProce«diujn of the Board. 
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APPENDIX TO THE JOURNAL OF PROCEEDINGS OF THE BOARD 
OF REGENTS. 



PROFESSOR AGASSIZ'S NARRATIVE. 

'- 1 was invited by Professor Peirce to take passage in tbe Hasaler, 
vbiie she was going to tbe field of her duty on the coast of California, as 
Mirveyiug vessel, provided tbat my expenses were Ijonie by other par- 
ties so tbiit the Coast Survey should not be put to any additional ontlay. 
1q cousiileration of this proposition, my friends in Boston liberally sub- 
scribed $20,000 to enable me to make as thorough a series of iuvestiga- 
tionsof animal life and other physical objects as possible, and ti little 
more than this sum was expended. 

"We left Boston on the 4th of December, 1871. Our first observations 
of much interest were upon tbe Gulf weed, with its well-marked varieties 
distinguished by difl'erences of stem and leaves. We made large col- 
lections of the hydroid communities inhabiting tbe sargossam, and 
also of the small flshea, Crustacea and other animals finding shelter 
within its branches. I saw no reason to suppose that tbe sargossnm 
originates as a fioating-plant. On the contrary, all the masses we found, 
however large, bore marks of having been torn from some attachment 
I have already given an account of the nest of the chironectes built of 
gulf weed, and picked up by us. 

"Our first port was Saint Thomas, where we auchored on the 15tli 
of Deceml>er. Here we made very large coUectioua both of marine and 
land animals, fish, corals, sea-urchins, star-fisbes, and opbiurans, cms- 
tacea, shells, lizards, snakes, toads, and frogs, insects and birds. We 
shipped from Saint Thomas alone eleveu barrels and boxes of speci- 
meus. Barbadoes was our next collecting-ground. There we made onr 
first cast of tbe dredge and with remarkable success. The collections 
forwarded f^m this port were not so large, but were perhaps more iu- 
teresting than those of Saint Thomas. The fanua niM>n the shoals off 
the Island of Barbadoes strangely resembles that of a past geological 
time. The comatnlfe, pedunculated criiioids, plenrotomari^, sipbo- 
nife, and cuemidia found upon these shonis recallformswhich belonged 
especially to the Mezozoic ages. This dredging was also rich in corals, 
sea-urchins, starfish, and opbiurans, and in a great variety of beautiful 
and rare shells. In some notes hauded to meby Count Pourtali!s,he8aysof 
this same dredging, December 29 th and 30th oil' Barbadoes, about sis miles 
north of Bridgetown, numerous casts of the dredge were taken in depths 
varj'tngfrom 17 tu 120 fathoms with very rich returns in mol1usca,crn8ta- 
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cea, ecbinoderiDS, polyps, and S[>oDges ; many of tbcm were new to science^ 
otbers either very rare or of mucL interest oq accountofttieir geograph- 
ical distributioa. Pie urotora aria is an example of tbe former; astben- 
osoma, ceraiopbozDS, rbizocriuus, and other ecbinoderms, of tbe latter. 
Deep sea-corals were obtaiued iu considerable quantity, bat none appear 
to be identical witli tbose of tbe North Atlantic ; tbey also seem to differ 
more from tbose of Florida tbau wonid have been expected. 

"Between Barbadoesaod Brazil we had littleopportunity for observa- 
tion, except upon the motions of tbe flying-flsb, tbe habits and api>ear- 
ance of the pbystdia, &c. But we bad an interesting dredging about a 
day's sail south of Pernambuco in COO fathoms, from which we obtained, 
besides other specimena, a living shell, closely allied to the Pecten para- 
doxus, as described by Goldfuss. Another cast, about it) miles east of 
Cape Frio, in 45 fathoms, gave us a new crustacean, singularly like the 
ancient trilobites. With reference to temperature off the coast of 
Brazil, Count Poartal^s' notes give the following details: 'Ofl'Maceio, 
Brazil, January 17, iu latitude 9<^ 45' S., longitude 35^ 0' west, the surface- 
temperature was 80^.5. At 100 fathoms it was 67^ ; at 485 fathoms,- 
44°^ ; at 556 fatboas, (a few miles further west,) 42<^.5 ; in latitude 
no 49' sonth, longitude 31° 10' west, surface, 80^.3 ; at 613 fathoms, 3!P. 
A number of dredgings were taken on the same parallel, but nearer 
shore, with moderate success.' JQe adds that subsequent casts of the 
dredge were taken at various points along the east coast of South 
America, and in the Strait of Magellan, but almost always in depths 
less than 50 fathoms where temperature presented no particular interest. 

"A delay of three weeks at Bio de Janeiro interrupte<1 our work at 
sea, but I made use of it to collect largely in the market of Kio de 
Janeiro and in tbe neighboring rivers and brooks. The most valuable 
contribution to science made there, however, consisted iu preparations 
of large numbers of flsb-brains, both marine and fresh-water. 

*'Our next port was Montevideo. Here, however, the quarantine pre- 
vented us from entering the city, but 1 bad an opportunity of studying 
glacial phenomena on a bill in the harbor, where 1 was allowed to land 
and where I found erratic material of an unquestionably glacial char- 
acter, and other evidences of glacial action. Indeed, the most striking 
fact of all is that the bill itself is a true *rocbe moutonnf^e.' On leaving 
Rio de la Plate, February 22, we dropped the dredge in some seven 
fathoms, and it came up laden with valuable specimens. Among other 
things this cast gave us a large voluta and theeggof avoluta, (of which 
we found many afterward belonging to different kinds of volutas,) many 
olivas, serulas, renillas, crustaceans and ecbinoderms. It is not worth 
■while to reconl all our dredgings; they were frequent, sometimes very 
remunerative, and sometimes not at all so. One dredging, of especial 
value for its rare mollusks and ecbinoderms, was taken off the mouth, 
of the Kio Segro. 

*'The next point of great interest was the gulf of San Mathias, at th© 
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head of nUich ia tbe so called Port San Antonio. In tbis region our 
collections were very large and various. Among our treasures was a 
very interesting collection of tertiary fossils in this bay. Tbe cli&s 
were largely composed of tbem. My original programme had included 
a recounoissance of the rivers ><'egro and Santa Cruz, and a visit to 
the Falkland Islands, where I vras especially anxious to huVe a look at 
the so-called " rivers of stone," believing, as I do, that they are of 
glacial origin. But the circumstances of the vessel and the lateness of 
the season made it important to hurry on, and I reluctantly relin- 
quished this part of my scheme. We touched, therefore, at no other 
jKiint between tlie gulf of San Mathias and the strait of Magellan, 
though we paused for a cast of the dredge off the gulf of St. Georges, 
and were rewarded by some superb star-hshes of immense size, (astro- 
pbyton or basket- fisb,) besides other valuable specimen!). 

" We rounded Cope Virgins on tbe 13th of March, and made our first 
aucbomge at Possession Bay. My published reports have already given 
sonae account of our work in this region. The most important results 
obtained in this locality were Count Pourtal^s' discovery that Mount 
AymoQ is an extinct volcano, with a very perfect crater, and forming 
the nucleus, as it were, of a cluster of smaller volcanoes ; beside some less 
striking geological observations of my own. In the strait of Magellan, 
and in Smythe's Channel, we passed three weeks, anchoring every night. 
The zoological results throughout this region were very satisfactory. 
We made large collections ; chiefly marine, of course. But the glacial 
phenomena here interested me more deeply than tbe fauna. From the 
character of the drift, and the constant presence of erratic materials, 
evidently quite foreigu to the soil, and recurring along the Patagoniau 
coast throughout the strait of Magellan, and, as I afterward found, 
high up on tbe Chilian coast ; from tbe glacier-woru surfaces on the 
two sides of the strait, as compared with each other, and on the walls 
of Smythe's Channel, I satisfied myself that tliere has been a move- 
ment of ice from south northward, preceding all local glacial pheuora- 
ena, tbe latter being indeed only tbe remnant of the former. 

"Leaving Smylhe's Channel we kept along the coast to the southern 
end of Chiloe Island, making a ruu up tbe gulf of Corcovado in the 
boite of passing through tbe archipelago of Cbiloe. As we had no 
charts, however, the captain feared to attempt the inside passage, and 
after making some collections in Port San Pedro we returned to the 
open sea, and reached San Carlos de Ancud, at the northern end of the 
island, on tbe 8tb of March. Here I found agaiu tbe erratic of the 
straits and of the Patagonian coast resting upon tbe breccia of Ancud 
showing tbe chronological relation of the volcanic formations of this 
region to tbe glacial pheuomeua. From San Carlos we proceeded with 
DO pause (except at Lota for coal) to tbe bay of Coucepcion. Here we 
remained a fortnight, and at no point did I make more full and valuable 
collections. From Concepcion Bay tbe Hassler went to Juan Fernandez, 
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hut aa I wished to see something of the geology between the coast and 
the Andes, I proceeded hy laud to Santiago. My observations here eon- 
firmed my previous impressions as to the glacial phenomena. There is 
very little evidence of local action proceeding fi-om the Andes, but the 
whole Chilian valley lying between the coast-rauge and the Andes 
proper has been modele<) in a soath-northerly direction by ice. The 
valley is, in short, a glacier bottom. 

"At Valparaiso we joined the vessel again, and I add some notes from 
Count Pourtal^s concerning temperatures based upon soundings, &c., 
taken on their voyage to and from Juan Fernandez: 'In the Pacific 
Ocean soundings were taken between Talcahuana, Chili, and Jnan Fer- 
nandez. The hundred-fathoms line was fonnd to be about 35 miles off 
shore. At a distance of 02 mites the depth was 1,006 fathoms. la lati- 
tude 35° 30* south and longitude 75° 11' west the depth was 2,410 fath- 
oms, temi>erature 35*^. Mud and fragments of a delicate sponge were 
obtained by the lead ; but the dredge-line having been damaged by 
dampness, parted wheu hauling ap. About two miles north of Juan 
Fernandez, surface temperature 61° ; at 377 fathoms, 41°.5 ; at 656 
fatfaoms, bottom temperature 61°. The dredge brought up only a few 
small stones. About three miles off the northwest corner of the same 
island the depth was 1,144 fatbotns, bottom temperature 36°. The 
dredge brought up nodules of clay, pebbles, worm-tubes, and a small 
isis. About 25 miles north of the island a depth of 2,214 fathoms wat* 
found, with a bottom temperature of 36°; bottom of reddish mad. Tbc 
dredge was lost again, with a large quantity of line. On the way from 
Juan Fernandez to Valparaiso a cast of the lead was taken in latitude 
33° 33' south, longitude 77° 2' west ; depth, 1,585 fathoms, bottom tem- 
perature 36° ; fine white globigerinn mud. The hauling np of the line 
took more than six hours, on acconntof theconstautprecautions needed 
to prevent it from parting. Further attempts were thereafter given 
np.' 

■' From Valparaiso we proceeded up the coast, touching at all the prin- 
cipal points, and collecting everywhere. One of our richest collecting- 
grounds was Parraca Bay, where the fanua was of astonishing richness 
and variety. The geology was also exceedingly interesting, and I was 
indebted to Lieutenant Murray Day for a very detailed map of the drift- 
formation in that region. 

" From Pay ta we struck off to the Galapagos, where we arrived on the 
10th of Jnne, and remained till the 19 tb, touching at Charles Island, Albe- 
marie, Saint James, Jar^-is, and Indefatigable Islands. The zoology of 
tbese islands is intensely interesting, not only from the peculinr character 
of the feuna, but also from the physical conditions in which it occurs, all 
these islands being of such recent volcanic formation as to preclude the 
idea of a migration of animals f^m the mainland, and their subsequent 
adaptation to new circumstances. Our collections in the Galapagos 
were exceptionally large. Iguanas, both marine and terrestrial, (the 
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tn-0 spcoies of amblyrhyncbus, first made koowu by Darvin,) lizards, 
birds, sesils, turtles, besides a great variety of fishes, crastacea, mol- 
lusks, and radiatea 

" From the Galapagos we proceeded to Panama, where we arrived on 
the 25tb of Jnoe. We were detained here for three weekft, but they 
were very profitable weeks for the collections. The loss of the greater 
part of our dredging-apparatus between Juan Fernandez and Valparaiso 
had indeed made dredging in deep waters impossible, but we were the 
more iudustrions iu collecting in shoal waters alonf; shore and on land. 
Our next jwrt was Acapulco, where we arrived on the 4th of August, 
and remained for some days. There, also, we were successful in col- 
lecting, and not less so in Magdalena Bay, where we passed two days 
in drawing the seine. We made no pause between Magdalena Bay and 
Sao Diego, where we arriveil on the 18th of August. In the Bay of 8au 
Diego we added very considei-ably to onr collections. Here, and in- 
deed all along the coast from Valparaiso northward, wn found many 
specimens of cetaceans and selachians. We gathered a large number 
of cestracions alone. 

" Leaviug San Diego on the 28th of August, we reached San Francisco 
on the 31st. Here oar voyage ended, but I remained in San Francisco 
for some weeks for the sake of completing collections formerly made for 
me in this region. Both there and in Sacramento, with the aid of 
friends, I succeeded completely in my object. 

" It would be impossible for me now togive you morethan a very vague 
and imperfect idea of the extent and value of the collections derived from 
this voyage. Indeed, I do not fully know it as yet myself, the unpack- 
ing being but just begun. The number of barrels and cases, however, 
forwarded to Cambridge during the ten months of our absence was 
265 — almost a barrel a day. It would have been simply impossible for 
me to collect on this scale, but (or the cordial assistance I received from 
the captain and officers of our ship, and, under their direction, from the 
men, who were always cbeerfully ready for the work of the seine and 
dredge. 1 was also greatly indebted to Dr. Hill and Dr. White, the 
pbysicists.of the espeditlon, who, whenever not engaged in their own 
duties, were ready to aid me in every way. I should not foi^t to men- 
tion that Dr. Hill made, also, a most valuable and admirably preserved 
collection of marine plants, gathered at every anchorage where time was 
allowed for landing. As to tbe special work of the chemical and phys- 
ical departments, under tbe charge of Dr. Hill, ex-president of Harvard, 
and Dr. White, of Philadelphia, I can give you little information. You 
could, no doubt, learn all details respecting this part of the work by 
application to these gentlemen, or to tbe Superintendent of the Const 
Survey. 

" 5Iy own special party for zoological work consisted of Count Pourtal^s, 
Dr. Steindacbuer, and Mr. Blake. Count Pourtal^s, while sharing in all 
the general work of the expedition, bad special charge of tbe dredging 
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operatioDS. Dr. Steindaciincr, altliough an admirable collector iu all 
departments, was especially eugaged iu tbe care of tbe iciitbyologieal 
coUectioDs. His great knowledge aud untiring industry made his 
assistance invaluable. Indeed, without bim I could not have carried ont 
tbe comprehensive scheme for collecting which I had laid out. Mr. 
Blake had special charge of the molluskB, aud his time was chiefly em- 
ployed in tbe drawing of perishable specimens. As I cauuot give you 
an accurate summary of the zoological collections, I will give you a 
slight sketch of my general scheme, alluded to above, that you may 
understand their signilicance as a whole. 

" I have endeavored, iu the first plaoe, to collect as many specimens of 
the same species as possible, iu every stage of growth and every con- 
dition of development, iu order to ascertain the range of variation in 
each species. My second object was to leara the boundaries of the dif- 
ferent fanoie, especially along the Pacific coast from the strait of 
Magellan to California. Iu this I have included, wherever it was pos- 
sible, the fishes ftrom the rivers on tbe western 8loi>e of the continent, 
for comparison with those on the eastern; but this part of my plan was 
difiBcuIt of execution, because I had not the means of collecting in land. 

"During our whole journey I was careful to make, or to have made, 
large numbers of anatomical preitarations of such parts of marine ani- 
mals as can rarely be well studied from alcoholic specimens. The most 
valuable of these preparations are those of fish brains. 

" I need hardly add that we owed the great opiiortunity for scientific 
investigation afibrdefl by the voyage of tbe Hassler to the liberal policy 
of the Superintendent of the Coast Survey, who is ever ready to com- 
bine the larger interests of scieuce with the special work of the survey, 
when it can be doue without detriment to the latter. I should add, 
however, that the means for makiug the zoological collections were con- 
tributed by gentlemen of Boston, who raised nearly $20,000 for the pur- 
chase of alcohol, jars, and other apparatus for collecting ou a large scale, 
and for charges of freight iu forwarding the specimens from foreign 
ports. The latter charges were, however, comparatively small, owing 
to the liberality of both railroad aud steamship companies, of tbe com- 
manders of our naval forces in various ports, to whom I had special 
recommendations from the Secretary of the Kavy, and of the captains of 
vessels employed upon whaling voyages or in private mercantile euter- 
prises." 
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BACDE FUND. 

Extracts from the tcill of Alexander Dallas Backe. Dated March 18,1862, 

Item. As to all the rest and reBidne of my estate, incladitig the sum 
of five tboasand dollars placed at the disposal of uiy wife, io case slie 
should uot desire to make any disposition of the same, I direct my ex- 
ecutors, hereiualter named, to apply the income thereof, after the death 
of my wife, accordiug to and under the directions of Joseph Henry, of 
Washington, Louis Agassiz and Benjamin Peirce, of Harvard College, 
Maasachasetts, to the prosecution of researches in physical and natnral 
science, by assisting experimentalists and obseivers in sncb manner and 
in such snms as shall be agreed npoo by the three above-named gen- 
tlemen, or any two of them, wbom I constitnte a board of direction for 
the application of the income of my residuary estate, for the above ob- 
jects, after Che death of my said wife. The class of subjects to be se- 
lected by this board, and tbe results of sueh observations and experi- 
ments, to be pnblisbed at the expense of my trust estate, under their 
directions, oat of the income thereof, but without encroaching on tbe 
principal. 

In case of the death or inability to act of all or any of the three gen- 
tlemen I have named, in my wife's lifetime, my will is that she shall 
supply their places in the board of direction by an instrument of w^i^ 
ing, either testamentary or otherwise, desiring that in the selection of 
the persons to administer tbe incomeof tbe trust fnuds hereby created, 
she will have regard to the selection of persons whose attention has been 
directed to the same branches of science as those I have named, and so 
that each of the departments of physics, mathematics, and natural his- 
tory shall be represented in the board. In case of any vacancy occur- 
ring in tbe board of direction after its organization, and after tbe death* 
of my wife, by reason of tbe death, inability, or refusal to act, or resig- 
nation of any of the members, my will is that the surviving cr remain- 
ing member or members for the time being shall have power to fill va- 
cancies so occurring in the board by tbe selection of other person or 
persons to fill such vacancies, and so on, from time to time, as vacancies 
shall occur. 

My intention being that the board of direction shall have power to 
continue it« existence, and to filling all vacancies occurring in their 
body ttom time to time. 

I direct that a miunte of their proceedings be kept, and that the ap- 
pointment of any member by tbe board shall be notified in writing to 
the trustees for tbe time being of my residuary estate. 

In the event of any failure of the board for the time being to direct 
the application of the income of my said residuary estate, or to contiuae 
its existence by Qlling vacancies occurring in their body, my will is that 
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the applicatioD of tlie income thereof, for tbo purposes and objects de- 
clared in this clause of my will sball be made by tbe trustees, nnder the 
direction of tbe American PliiloBopbical Society, of Pbilarlelpbia. 

Extract from the codicil to the tctU of Alexander Dallcu Backe, dated July 
15, 1863. 

Item. My vill ia tbat upon tbe death of oiy wife all the rest and resi- 
due of my estate shall be paid over to and rest iu the corporation of 
•' The National Academy of Scieuecs," incorporated by act of Congress 
passed tbe third day of March, A, D. 1863, whom I hereby appoint 
trustees in the place of my said esecntors, under the foarth clause of 
my said will, to apply the income according to the directions in the 
said clause contained, to tbe prosecution of researches in physical and 
natural science by assisting experimentalists and observers in such 
manner and in such snms as shall be agreed upon by the board of di- 
rection in the said clause named. 

My will further is that In case of any failure of the board for the time 
beiug to direct the application of the income of my residuary estate, or 
to- continue its existence by filling vacancies occnrring in their body, 
the application of the income thereof for the purposes and objects de- 
clared in the said clanse shall be made under the directions of the Na- 
tional Academy of Sciences, instead of tbe American Philosophical So- 
ciety, of Philadelphia. In all other respects tbe said application of the 
income to tbe purposes aforesaid to be made by tbe same persons, and 
under tbe same mies as I have prescribed in tbe said clanse of my will. 



CORCORAN ART GALLERY. 
Letter from Mr. Coreonm to the Trusses. 

Washinqton, May 10, 1869. 

Gentlembn: It is known to yon that the building at the northeast 
corner of Pennsylvania Avenue and Seventeenth street was dcaigned by 
me for the encouragement of the flue arts, as is indicated by tbe dedi- 
cation upon its front. 

The work was begun in tbe year 1859, and was prosecntetl with tbe 
heartiness naturally incident to such an undertaking, until it was inter- 
rupted by the breaking out of the late civil war, when the public exi- 
gencies led to the immediate occupation of the building for military 
purposes ; and to these uses it has been devoted ever since, until, being 
no longer required by the War Department, it is about to be restored to 
my possession. 

It was my cherished hope to have placed the proposed establishment, 
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complete id all its appointmeDts, iu aucceasful operation before divesting 
iDjMlf of tbe title by any formal instrument, but the years wbicb have 
thas passed away, and tbe accumalation of otber cares and duties, warn 
□le DO longer to'iudulge the pleasing anticipation. 

I hare, therefore, not doubting your general interest in tbe snbject, 
taken tbe liberty of executing to you, as trustees, a deed, wbicb I bere- 
witb deliver, sutBciently defining tbe trusts which I ask you to accept. 

In addition to the title to the property itself, you will observe that 
the instrnment vests in you, for the purposes of the trust, the right to 
receive the rents, wholly unpaid, for the period during which it has 
been occnpied by tbe Government, now nearly eight years, which will 
doubtless be adjusted with you, in the absence of any si>ecial agreement, 
upon fair and, perhaps, liberal terms. 

As soon as tbe interior of tbe building shall have been completed ac- 
cording to the original plans, (which will be placed at your disposal,) 
for which the rents in arrears will more than suffice, I shall ask you to 
receive as a nucleus my own gallery of art, which has been collected at 
no inconsiderable pains, and I have assurances from friends in other 
cities, whose tastes and liberality have taken this direction, that they 
will contribute flue works of art from their respective collections. 

I may add, that it is my intention to provide fnrther endowment of 
the institution iu such manner and to sncb extent as may consist with 
otber objects which claim my attention ; and I venture to hope that, 
with your kind co-operation and judicious management, we shall have 
provided, at no distant day, not only a pure and refined pleasure for res- 
idents and visitors at the national metropolis, but bare accomplished 
something useful in the development of American genius. 

I am, gentlemen, with great respect and regard, your obedient ser- 
vant, 

W. W. COECOBAS. 
To James M. Caelisle, James 0. Hall, George W. Riggs, An- 
thony Hyde, Jameb G. Bebrbt, James C. Kennedy, Henry D. 

CooEE, James C. McGuibe, William T. WiLiEBS. 



Beply o/the Trvateea, 

WASHINGTON, Map 10, 1869. 

Dbab Sib : We have accepted the trusts confided to us by your deed 
of this date, in the formal manner indicated by the deed itself. 

But we desire, individually and collectively, to add the expression of 
our personal appreciation of the privilege of endeavoring efficiently to 
administer such an iuBtitution, projected spontaneously by your liberal 
mind and securely founded by your sole munificence. 

While we cannot doubt that, at least in the time of our successors, all 
your anticipations will be realized, we sincerely boiie that you may 



D,„lz=..,C(Xlg[c 



96 APPENDIX TO JOURNAL. 

yourself live to enjoy the high and pure gratiBcation of witnessiug the 
complete success of your gcDerous iutentions. 

With great respect and Trarm regard, we remaiti, very truly, yours, 

J. M. Oablislb. 

J. C. Hall. 

Geo. W. Kiggs. 

A. Hyde. 

James G. Beeeet.' 

James C. KENNEDY.t 

Henry D. Cooke. 

J. 0. MoGuiRE. 

W. T. Waltees. 
William W. Corcohan, Esq. 



Seed of gift and truat of tite Corcoran Art Oallery. 

This indenture, made this tenth day of May, in the year of oar Lora 
eighteen huuilred and sixty-nine, by and between William W. Corcoran, 
of the city of Washington, District of Columbia, of tlie first part, and 
James M. Cnrlisle, James C. Hall, George W. Kiggs, Anthony Hyde, 
James G. Berret, James C. Kennedy, Henry D. Cooke, and James C. Mc- 
Guire, of the city of Washington, and William T. Walters, of the city 
of Baltimore, State of Maryland, of the second part, witoeaseth: 

W^hereas the said William W. Corcoran, in the execution of a long- 
cherished desire to establish an institution in Washington City to be 
" dedicated to art," and nsed solely for the purpose of encouraging 
American genius, iu the production and preservation of works pertniu- 
iug to the " fine arts," and kindred objects, has determined to convey to 
a lioard of trustees the property hereinafter described, to which he may 
hereafter make other gifts and donations, to be held by said board, and 
used for the purposes aforesaid : Now, therefore, the said William W, 
Corcoran, in consideration of the premises, and of the sum of $1, 
current money of the Unit4!d States, to him in hand paid by the said 
parties of the second part, the receipt whereof is hereby acknowIe<lged, 
hath granted,, bargained, and sold, aliened, enfoeffed, and conveyed, 
and by these presents doth grant, bargain, and sell, alien, enfeoff, and 
convey unto the said parties of the second part, and the survivors of 
tliem, and the heirs and assignees of such survivor — 

Lots numbered 5, (five,) C, (six,) 7, {seven,) and 8, (eight,) in square 
numbered 1G7, (one hundred and sixty-seven,) in the city of Washington, 
and District of Columbia, as the same is laid down and distinguished 
upon the public plat of said city, fronting 196 feet inches, more or less, 
on President's Square, and 1C0.17 feet, more or less, on Seventeenth 
Street west, together with, all and singular, the buildings, improvements, 

ice J. G. BeiTft. 

!C vice J. C. Kennedy. 
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bereditaments, and appnrteoances thereto appertainiog, or in any wise 
beloDgiog, and all the estate, right, title, and interest of the said puvty 
of the first part in and to the same : 

To have and to hold, all and singalar, the lots and parcels of ground, 
and premises aforesaid, with the apparteuanues, unto and to the use of 
them, the said parties of the second part, and the survivors and sar- 
TiTor of them, and the heirs and assigns of such enrvivor, in trust, 
nevertheless, and to and for the intents and purposes hereinafter ex- 
pressed and described, that is to say : 

First. That the said parties of the second part shall, without unnec- 
essary delay, after their acceptance of this trust, to be signified by their 
signing and sealing the memoraodum to that effect hereonder written, 
organize themselves into a permanent board of trustees, with such 
officers to be selected from their own number as to them may seem nec- 
essary or convenient for the orderly management of this trust, and the 
more efScient attainment of the ends and objects designed by the said 
party of the first part, as indicated by his general intent, to be gathered 
from this instrument in all its parts and provisions, and with the same in- 
tent and for the same ends and objects, shall make, and as often as may be 
necessary from time to time, make, alter, amend, repeal, and re-enact, 
in whole or in part, all necessary by-laws, rules, and regulations in the 
premises, in execution of, and not incoosisteut with the provisions and 
trne intent of this instrument j in all which they shall act by tiie con- 
carrence of a majority of the whole number of trnstees. 

Secondly. That when the number of the said original board of trus- 
tees, being the said parties of the second part, shall, by death, resigna- 
tion, or inability, to be ascertained by a resolution of the said board 
acting by a majority of the whole number, shall have been reduced 
below the number of nine members, the remaining members shall elect 
saitable persons, in their discretion, from time to time, as often as may 
be necessary, so that the board shall always be composed of nine mem- 
bers. 

Thirdly. That all the property, real, personal, and mixed, rights, 
credits, choses in action, or other valuable thing whatsoever hereby 
conveyed or intended to be conveyed, or which may hereafter be con- 
veyed, given, or transferred and assigned and delivered to the said 
board of trustees, whether composed of the said parties of the second 
part or of their successors, chosen and elected as hereinbefore provided, 
whether in whole or in part, shall be held, managed, limited, used, and 
devoted to executing the trusts, and giving effect, according to the best 
judgment of Che said board of trustees, from time to time ; and all legal 
rights and titles in the premises shall be taken and held in such manner, 
and with such legal forms, as shall serve the trusts,. intents, uses, and 
pnrptwes declared or plainly indicated or implied in and by the terms of 
tbia inatmmeDt. 

Fourthly. The property as received and held, or which may be received 
aod held by the said board of trnstees, shall be held, nsed, managed, 
7a 
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and disposed of by tbem and their Baccessora and assigns, whether 
under this instrument alone or under any act of incorporation hereafter 
to be procured, for the i>erpetnal establishment and maintenance of a 
pnblic gallery and museum for the promotion and enccaragement of the 
arts of painting and scnlpture, and the fine arts generally, upon such 
system and with snch regulations and limitations as the board of trustees 
may, from time to time, whether corporate or incorporate, prescribe, 
limit, and ordnin : Provided alicaya, That the gallery and museum shall 
be open to visitors, without any pecuniary charge whatever, at least two 
days in each week, for such convenient ai\d customary hours as shall be, 
from time to time, prescribed and made public, and at such other times, 
not being snch public days as aforesaid, snch moderate and reasonable 
fees for admission may be prescribed and received, to be applied to the 
current expenses of preserving and keeping in proper order the building 
and its contents. 

Fifthly. While the officers necessary or appropriate to the organization 
ot the board of trustees shall be elected fiY>m their own number, it is 
understood that the board shall and may, at its discretion, at all times, 
employ other persons to be the officers, agents, and servants of the 
boani, for the orderly and efficient management and condact of the 
institution. 

Sixthly. The system and tlie appropriate measures for increasing the 
collection of paintings, statues, and kindred works of art, of which the 
private gallery of the party of the first part will form the onclens, and 
fiucb other voluntary donations as the trustees may from time to time 
receive, are confided to the direction and judgment of the trustees, as 
is also the management generally of the institution. 

Seventhly. The general intent of the said party of the first part be- 
ing expressed in general terms in the premises and recitals of this in- 
strument, and further indicated, with certain specifications, in the afore- 
going articles, numbered fk)m one to sis, inclusive, it is hereby declared 
that, all and singular, the gifts, grants, conveyances, and assignments 
herein expressed and set forth are, to and for the trusts, intents, and 
purposes so as aforesaid expressed, implied, set forth, or indicated, 
and to none other whatsoever; and that, while it is the intention 
of tlie grantor and donor herein that no unruly, technical, or 
formal breach of, or departure from, the terms and conditions of this 
trust shall operate as any forfeiture or defeasance in favor of his heirs, 
or of any claiming in his right, it is hereby declared, and thesepresents 
are upon the express and strict condition, that these presents, and 
every matter and thing hereinbefore contained, and every estate, 
right, title, interest, and power thereby given, granted, conveyed, 
and limited, shall cease and determine, and become utterly void and of 
no efifect, whensoever it shall be decreed, adjudged, or declared, by the 
highest judicial authority having jurisdiction, upon a proper proceed- 
ing, in law or in equity, to be instituted by the beirsjdevisees, or assigns. 
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of the said party of tbe first part, tliat the real estate bereinbefore coq- 
Tejed sball bare been diverted from tlie purposes of tbis trust, to be 
gathered from this iDstrument in all its parts and provisioDs, so as 
aa'jstantially to defeat orplaiuly to be iacoDSiRtent with aod repugnant 
to this trust, construed and interpreted in a liberal and sensible spirit: ; 
and therenpon, as in case of a breach of a strict condition-subsequent, 
the heirs, detrisees, assigns, or other proper legal representatives in the 
premises of the said William W. Corcoran, shall be entitled to re-enter 
npou tbe said real estate as of his, tbe said Willim W. Corcorau's, right 
and title prior to the ezecntion of these presents, and as if the same 
had never been executed ; and in tike manner all and every other estate, 
property, chattel, or valuable thing, tbe title to which shall have pro- - 
ceeded in the premises from the said William W. Corcoran to tbe said 
tmstees or their successors and assigns, shaU, as far as may be consist- 
ent with tbe rules and principles of law and equity, revert and be re- 
vested in right of tbe said Corcoran or his proper legal representatives 
therein. 

Eighthly. That the said board of trustees may at any time hereafter, 
in its discretion, apply for and actopt an act of Congress incorporating 
them and their successors, so as to facilitate tbe execution of this trust, 
by vesting the same in a perpetual body-corporate, with the like pow- , 
ers and for the same trusts, intents, and purposes herein declared, ex- 
pressed, or indicated, but for do other trusts, intents, or purposes what- 
soever; such act of incorporation to refer to this deed, and to be expressed 
to be in execution of tbe trusts thereof ; and thereupon the said parties 
of the second part, and the survivors and survivor of them, or tbe heirs 
and assies of snch survivor, shall execute such conveyances as may be 
necessary to transfer the whole property of this trust to such corpora- 
tion, upon the trusts of this deed. 

And whereas the lots of gronnd and improvements hereinbefore de- 
scribeil and referred to have, by reason of the exigencies of the public 
service of the United States, been rented and occupied for the public 
use, without any special contract, but eulyectto the constitulional pro- 
vision that " private property shall not be taken for public use without 
just compensation," which just compensation for tbe whole period of 
such occupation by tbe United States now remains to be paid ; and 
considering the same properly to belong to this trust, as being of the 
rents, Issues, and profitsof the ground and buildings which be had here- 
tofore, and as early as the year 1859, devoted and dedicated to the trusts 
and purposes hereinbefore formally declared : Now, therefore, in coosid- 
eration of the premises, and of the sum of $1 by the said parties of 
the second part to him in band paid, he, the said party of the first part, 
hath assigned, transferred, and setover,aud by these preseutsdotb assign, 
transfer, and set over unto the said parties of the second part and the sur- 
vivors and survivor of them, and the exeeators, administrators, and 
assigns of such survivor, all and singular the rents, issues, and profits 
of the lots of ground and improvements hereiubefbie described, foraufl 
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duriug tlie whole period of tlte occupation and possession of the same 
by tbe Government of the United States, and all the just compeusatton 
which may be due from tbe United States for tbe public nse of the same, 
hereby authorizing and empowering tbe said parties of the second part, 
or a majority of them, either by themselves or by any subtitituted 
attorney or attoraeya, to be named and appointed by them, or a majority 
of them, to acquit and release and receipt for cbe same ia any saflicieut 
legal form of acquittance which may be according to law, as fully as he, 
the said party ot tbe first part, could personally release and acquit tbe 
same. 

Which rents, issues, and profits, and just compensation for the public 
use of the said property shall be received and held by the said parties 
of the second part for the same uses, intents, and purposes heretubefore 
declared ; but shall, as far as may be necessary, be applied, before all 
other objects, to the completion of tbe interior of said buildiug, and to 
putting it in a condition to be immediately applied to tbe primary in- 
tents and purposes of this trust, as expressed in the recital in the 
premises of this deed. 

In testimony whereof the said party of the first part hath hereunto set 
his band and affixed his seal, the day and year first hereinbefore 
written. 

W. W. COBCOEAy. 
Signed, sealed, and delivered ia the presence of— 

John Huniee. 

A. T. Beige. 
We jointly and severally accept the trusts of the aforegoing deed. 
Witness our bands and seats the said tenth day of May, eighteen 
hundred and sixty-nine. 

James M. Cablisle. Geo. W. Biggs. 

Jambs G. Bebeet. Henry D. Cooke. 

W. T. Waltees. J. C. Hall. 

Anthomt Hyde. Jas. C. Kennedy. 

Jas. 0. McGniBE. 



District of Columbia, County of Wasltington : 

I, Whitman C. Bestor, a notary public in and for Washington County 
aforesaid, do hereby certify that William W. Corcoran, the party of the 
first part to a certain deed, bearing date the tenth day of May, A. D. 
eighteen hundred and sixty-nine, and hereto annexed, personally 
appeared before me, in tbe county aforesaid, on the day of the date 
hereof, tbe said William W. Corcoran boing personally well known to 
ne to be the person wlio executed the said deed, and acknowledged the 
same to be his act. 

Given under my hand and notansd seal this t«nth day of May, eighteen 
hundred and uixty-uine. 

WHITMAN C. BESTOE, 

Notary Public 
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D. 

TONER LECTURES. 

Deed of conveyance from Or. J. M. Toner to five irusUes, instituting the 
Toner Uciureg at the city of Washington^ and establishing a permanent 
and increasing fund for their support and continiutnce annually. 

This indentare, made this thirteenth day of April, in tbe jear of our 
Lord one thousand eight hundred and seventy-two, between Dr. Joseph 
51. ToDer, of the city of Washington, in the District of Columbia, of tbe 
first part, and the Secretary or chief scientific officer of the Smithsonian 
Institation, (for the time being Professor Joseph Henry;) tbe Surgeon. 
General of the .United States Army, (for the time being J. K. Barnes, 
M. D. ;) the Surgeon-General of the United States Navy, (for tbe time 
being J. M. Foltz, M. D. ;) tbe president of the Medical Society of the 
District of Columbia, (for the time being Graftou Tyler, M. D.;) of the 
second part, all at present residing in said District of Colnmbia ; 

'Whereas the said party of the first part, believing that the advaucement 
of science — that is, a knowledge of the laws of nature iu any part of 
her domain, and particularly such discoveries as contribate to tbe ad- 
vancement of medicine — tends to ameliorate the condition of mankind, 
hath determined to convey and transfer to the said parties of the sec- 
ond part, and their successors forever, iu their several official positions 
as aforesaid, the hereinafter described real and personal property, 
amonntingin value to abont$3,000,ninetypercent. of the interestof which 
is to be applied for at least two annual memoirs or essays by different 
individuals, and, as the fund increases, as many more as tbe interest of 
the trust and revenue will in the judgment of tbe trustees justify, rela- 
tive to some branch of medical science, to be read at the city of Wash- 
ington at such time and place as the said parties of the second part and 
their successors as trustees may designate, under tbe name of " Tbe 
Toner Lectures ;" eacb of these memoirs or lectures to contain some new 
tmth fully established by experiment or observation, and do such 
memoir or lecture to be given to tbe world under the name of " The 
Touer Lectures" without having first been critically examined and ap- 
proved by competent persons selected by said trustees for that purpose. 

It is further provided, that such of the said memoirs or lectures ns 
may be approved shall be published in such manner aud through such 
channels as said trustees may determine. 

And, in order to carry out the intentions hereinbefore expressed, the 
tuiid party of the first part bath associateil with himself the said other 
parties of the second part, each in bis official character as hereinbefore 
named, with this provision : that upon removal from official position of 
any one of said parties of the second part, by death or otherwise, his 
successor in said position shall succeed him as one of the trustees of 
"The Toner Lectures;" and that upon tbe death, resignation, or removal 
of said party of the first part, or his successors, the other trustees 



102 APPENDIX TO JOUBKAL. 

surviviDg Bliall, witUia a reasonable time tbereafter, elect to succeed 
liitn ail active and energetic member of the regular toedical professiou 
ill good staoding and practice in tbe city of Wasbington, wbo eliall 
upon hia acceptance thereof be and become one of tbe trustees of " The 
Tooer Lectures." And if the Medical Society of the District of Colum- 
bia shall at any time hereafter be dissolved, so that there would no 
longer be a president thereof, then and within a reasouable time there- 
after the other trustees shall elect to succeed the said president, as trus- 
tee in this behalf, an active and energetic member of the regular medi- 
cal profession in this District, iu good practice and standing, who shall 
ui>ou acceptance thereof be and become one of the trustees of " The 
Toner Lectures ;" and so on from time to time, so as to continue to have 
five trustees, who shall serve without compensation. And to carry out 
the hereinbefore expressed intentions these presents are made. 

Kow, therefore, this indenture witnesseth that the said party of the 
first part, for and iu consideration of the premises aforesaid, and, fur- 
ther, the sum of one dollar, lawful money of the United States, to him 
in hand paid by tbe said parties of the second part, at and before the 
sealing and delivery of these presents, the receipt whereof is hereby 
acknowledged, hath granted, bargained, sold, aliened, enfeoffed, and 
conveyed, and doth by these presents grant, bargaiu, sell, alien, enfeoff, 
and convey unto the said parties of the second part, the survivor or 
survivors of them, {and their associates duly elected,'] and to their heirs, 
executors, administrators, and assigns, according to the quality of the 
estate granted, the following described real estate iu the said city of 
Washington, known and described as being lots numbered six (C) aud 
seven (7) in Clark's recorded subdivisiouof square north of square num- 
bered three hundreil and thirty-four, (334,) and also money aud private 
securities amounting to the sum of $1,100; together with all the im- 
provements, ways, easements, rights, privileges, and appurtenances to 
the said real estate belonging, or in any wise appertaining, and all the 
remainders, reversions, rents, issues, and profits thereof: 

To have and to hold the said real ami personal estate or private securi- 
ties unto and to the use of the said parties of tbe second part, together 
with the said party of the first part, their heirs, executors, administra- 
tors, and assigns, in aud upon the trusts, nevertheless, hereinafter men- 
tioned and declared — that is, whenever it seems to tbein that the pro- 
ductiveness of the fund will be increased thereby, to sell the said real 
estate, and the same to convey in fee simple to the purchaser thereof; 
and to convert the said personal estate or [irivate securities into money, 
and the proceeds of said sale and conversion to invest, re-invest, from 
time to time, and to keep invested iu some safe public or private securi- 
tiesin the name and for the use of tbe trustees of *' The Toner Lectures," 
who shall apply ninety per cent, of the interest thereof annually to de- 
fraying tbeexpensesof said" Touer Lectures," and the publication thereof 
whenever the publication thereof is deemed advisable. The remaining 
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ten per^eeot. of the said annual interest from thewbole fund, &s well as 
any additional gift or unexpended balance ut the end of each year, tliey 
shall from time to time inreat, and the same shall be and becomo a part 
of the principal, for the steady increase of the permanent and producing 
fond of said "Toner Lectores." It is hereby provided that the said 
trnstees shall hold st least one regalar meeting annually ; keep a cor- 
rect record, in a book for the purpose, of all proceedings and actions as 
trustees, with a statement of the expenditures of the revenue, and the 
cooditioD of the fund, where and how invested ; all of which they may, 
from time to time, at their pleasure make public, and be governed in all 
matters relating to the general execution of the trusts and intentions 
herein expressed and declared, and in the investing and disbursing of 
(ill trust-moneys, by such mlesand regulations as may from time to time 
be adopted by them for their own government, with this express con- 
ilition, however : that for the election of any new trustee to fill a va- 
caney, for the sale of any property or stocks or securities, or the invest- 
ment of any funds, the approval of a majority of said trustees, in writing 
or by their votes at a meeting of the trustees, shall be absolutely neces- 
pary. 

And it is further provided, that in case of the failure at any time of 
the purposes for whiuh this trust is created, or in case of the failure of 
the trustees to act for three sucr«s8ive years, or in case of the tot;3l fail- 
ure of the trustees to give effect to this trust, then, and in auy such 
contingency, the fund hereby provided for and created shall revert to 
the said party of the first part and his heirs or personal representatives. 

In testimony whereof, the said party of the first part hath hereunto 
£et bis hand and seal on the day and year first hereinbefore written. 

J. M. TONER. 

Signed, sealed and delivered before Edward Clark, justice of the 
peace, in the presence of— 
S. H. Kattppuan, 
G. B. GoFF. 

We hereby accept the foregoing trust. 

JOSEPH HENRY, 
Secretary ISmitksonian Institution, 
J. K. BAUNES, 
Surgeon-General United Stales Army. 

J. M. FOLTZ, 
Surgeon-Qeneral United States Xary. 
GRAFTON TXLER, M. O., 
Fretident Medical Society of the JHntrict of Columbia, 
JOSEPH MEREDITH TONER, M. D. 
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THE TYNDALL TRUST FOR THE PEOMOTJON OP SCIENCE 

ly THE UNITED STATES. 

Letter from Professor l^dall to Professor Henry. 

New Yoek, February 7, 1S73. 

My Dear Professor Henry: I have made my "will" in due form, 
and si^nied it in the presence of witnesses. 

My desire and iiiteution in accepting the invitation of niy friends 
were, aa you know, to hand over the proceeds to Chicago. Bat the re- 
coveiy from calamity is quick iu this country, so that Chicago not only 
does not need my feeble aid, hnt would be willing of her ahundance to 
add to my wealth. 

My disbursements, as I told you, are heavy. Living I have found to 
he exceedingly expensive in the United States; hence the balance which 
I am able to hand over to the board of trustees is not so large as I 
i;ould wish it to be. It, however, amounts to a little more than thirteen 
thousand dollars. 

I have bestowed some care on the accounts, and do not think I carry 
home with me a single cent of American money. But I carry home 
what is to me incomparably more precious, and that is the assured good- 
' ffill of the American people. 

The instruments that I take home with me I intend to present to the 
Royal Institution, where they will be turued to good account My 
bauds will he then entirely clean, and no foreign element will mingle 
with the bright memory of the time I spent here. 

Ever yours, taitbfolly, 

JOHN TYNDALL. 
Professor Joseph Henry, 

Secretary Smithsonian InstiiutUm, Washington, D. C. 



THE TRUST. 
I, John Tyndall, professor of natural philosophy in the Royal Institu 
tion of Great Britain, having, at the solicitation of my friends, lectured 
in various cities of the United States, find the receipts and disburse- 
ments on account of these lectures to be as follows : 

I. — RcceipU. 

From Boston, for six lectures $1, 500 00 

From Philadelphia, for six lectures 3,000 00 

F'-om Baltimore, for three lectures 1, 000 00 
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From WashiogtoD, for six lectures ■ t2, 000 00 

From New York, for six lecturea . 8, 500 00 

From Brooklyn, for six lectnres 6,100 00 

From Uew Haven, for two lectares - 1, 000 00 

Total receipts 23, 100 00 



1 1. — Disbursements. 

Be/ore leaving England : Wages of assistants daring the 
preparation of the lectures; work of philosophical inatra- 
ment maker: new apparataa; sundry items for outfit; 
traveling expenses of myself and two assistants irom 
London to New York, make a total of £671 6t. 8d., which, 
at the rate of t3-50 per ponnd, amounts to (3, 692 31 

In the United States: IIot«l and traveling expenses for myself 
and two assistants; other expenses incidental to lectures in 
Boston, Philadelphia,* Baltimore, Washington, New York, 
Brooklyn, and New Haven, covering a period of four 
months, plus traveling expenses of myself and my assist- 
ant ft'om New York to London, make a total of 4, 749 33 

Present to Yale's Scientific Club 260 00 

Salaries to assistants for four months, £250, which, at (5.50 
per ponnd, amounts to 1,375 00 

Making the total dieborsements 10, 066 66 

XIL 

The total receipts are $23,100 00 

The total disbursements 10, 066 66 

Making the net proceeds of lectures 13, 033 31 

As an evidence of my good-will toward the people of the United 
States, I desire to devote this sum of thirteen thousand and thirty-three 
dollars to the advancement of theoretic science and the promotion of 
original research, especially in the department of physics, in tlie United 
States. 

To accomplish this object I hereby appoint Professor Joseph Henry, 
Secretary of the Smithsonian Institution, Washington City, D, C-, Dr. , 
E. L Youmans, of New York, and General Hector Tyndale, of Philadel- 
phia, to act as a board of trustees to take charge of the above sum — to 
carefully invest it in permanent securities; and I farther direct that the 
said bourd shall, for the present, appropriate the interest of the fund 

*At PbilndelpbiA I bad no botel eipensea, bnt «u moet comfortably 1od);ed M Ibe 
bcnu or my kiasman, General Hector Tf odole. He, I may odd, paid bia ona hotel 
eipenses wherever he accompanied me. 
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ill sapporting, or in assisting to snpport, at sucli European nnivemties 
as tbey may consider most desirable, two American pupils, who may 
evince decided talents in physics, and who may express a determination 
to devote their lives to this work. My desire would be that each pupil 
should speud four years at a German university — three of those years to 
be devoted to the acijuisition of knowledge, and the fonrth to original 
investigation. 

If, however, in the progress of science in the United States, it should 
at any time appear to the said hoard that the end herein proposed 
would be better subserved by granting aid to students, or for some 
special researches in this couutry, the board is authorized to make the 
appropriations from the income of the fund for each purposes 

I further direct that vacancies which may occur in said board of 
trustees, by death or otherwise, shall be filled by the president of the 
Kational Academy of Sciences. 

If in the course of any year the whole amount of the interest which 
accrues from the fnnd be not expended iu the manner before mentioned, 
the Burplna may be added to the principal, or may be expended in addi- 
tion to the annual interest of another year. 

If at any time any organization shall be established, and money pro- 
vided by other persons for the promotion of such original research as I 
have in view, I authorize the said board of trustees to exercise theii 
discretion as to co operating in such work from the incume of this fund. 

In witness whereof I have hereunto set my hand and seal this 7th ol 
Ft-brnary, 1873, in the city of New York. 

JOQN TYNDALL. [SBAL.J 
In presence of — 

C BUERITT Waite. 
L. E. FUI-LBE. 



BEQUEST OP JAMES HAMILTON. 
Lettcr/rom the executors. 

Carlisle, Pennsylvania, April 17, 1873. 

Dear Sir: Inclosed please find printed copy.of the last will and tes- 
* tanieut, and codicil thereto, of James Hamilton, esq., late of this place, 
deceased, by which we notify you of the bequest made to your board by 
said last will and testament. 

As certain legal questions will have to be decided by the courts before 
we will feel Justified in paying over eleemosyuary bequests, it would bo 
well for your board to be represented by counsel. 

One of the religious associations have employed Henderson and Hays, 
who, we understand, are making preparations for a case. 

o 
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We gire yon early notice tbat you may act accordiDgly, and all legal 
difflciilties be removed at as early a day as practicable. 
Oar |>08t-o£Bce addi^ss is Carlisle, Pennsylvaaia. 
Tours, respectfally, 

JOSEPH n. STUART, 
ABKAM BOSLEEt, 
Exeeutora ofJmnet ffamilton, deceased. 
Professor Joseph Henet, 

Secretary of the Smithsonian Institution. 



Extract from the will of James Hamilton^ dated Kovember 20, 1871. 

" In tbe name ofOod, amen. I, James Hamilton, declare tbis to be 
my last will and testament, with respect to my personal property : 

8. I give one tbonsand dollars to tbe Board of BegentB of tbe Smitb- 
BOnian Institution, located at Waeliingtoti, D. C, to be invested by said 
regents in some safe fund, and the interest to be appropriated bienni- 
ally by tbe secretaries, eitber in money or a meilal, for such contribu- 
tion, paper, or lecture on any scientific or aseful subject aa said secre- 
taries may approve." 



CIECCLAB SENT WITH SPECIMENS PRESENTED TO INSTI- 
TUTIONS. 

Tbe following is a copy of the cirvular sent to foreign mnsenms on 
the presentation to them of specimens from the collections of the insti- 
tution ; which was alluded to by tbe secretary in his remarks at the 
meeting of tbe Board on the 20th January, 1373 : 

Smithsonian Institution, 

Washington, D. C, , 187-. 

Deab Sib : In behalf of tbe Smithsonian Institution, we have this 

day forwarded by the specimens mentioned in the accompanying 

receipt — a present from the Institatioo, npon tbe following conditions: 

1. That an acknowledgment be made to tbe Secretary of the Institu- 
tion immediately on reoeipt of the specimens, by signing and returning 
tbe accompanying blank. 

2. That fall credit be given tbe Institution for tbe donation, on the 
labels of the specimens, in published reports, and under all other cir- 
ca m stances. 

3. Tbat free access to and use of these specimens be allowed, under 
the proper restrictions, to all persons engaged in original investigations 
requiring sucb material. 
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4. That suitable retarna be made from the dupticatefi in the collec- 
tions under your charge, whenever the Institntion may desire and call 
for them. 

Very respectfally, your obedient servant, 

JOSEPH HENBY, 

Secretary 8. 1. 

{To be HJgaod and retnined prepaid to the " Secretary of the Smitbaoniati loatitutioa, 
Wuebiugtou."] 



I have received (Vom the Smithsouian Institntion, tbrongh 

, in behalf of , the following collections, sabject to 

the conditions mentioned in the accompanying circnlar-letter. 
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THE SMITHSONIAN REPORT FOR 1872. 
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The object of this appendix is to illustrate the operations of the 
Iiistitntion by reports of lectures and extracts from correspoodeoce, as 
veil as to furnish iofortnatioa of a character saited especially to the 
meteorological observers aud other persons interested in the promotioQ 
of kuowledgo. 
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EULOGY ON AJIPEEE. 



[Translated for tbe Smithsonian Institution.] 

Gentlemen: It is my duty to-day, in accordance with an article of 
the academic regnlationa dating back to 16GC, and which daring this 
long interval of time haa alwaya been faithfully executed, to bring be- 
fore yon tbe labors of one of our most illustrious associates, and at the 
same time to corsorily glance at bis life. 

These biographical sketches have not always preserved the same 
cbaracteristica. Before tbe judges of the eigbteeoth century, Foute- 
nelle himself, the ingenious Fonteneile, ventured to refer so briefly to 
technical points that his eulogy on Kewton oceopies only abont thirty 
pages in octavo. If yea will open this master-piece of delicacy, elegance, 
Mud atticism, you will find the celebrated "Treatise oo Optics" confined 
to a few lines, and the title of the "Universal Arithmetic" not even 
mentioned. In proportion as tbe sciences progress the ancient bounda- 
ries of the academic eologies sbonld be enlarged, and, in tact, we having 
atlastreachedaperiod when the crowds are largely pressiDgto expositions 
of the mathematical and natural sciences with which our vast lecture 
rooms daily resound, tbe secretaries of the academy have begun to feel 
that it is time to rid.tberoselveB of the restraints which their illustrious 
predecessors had imposed upon themselves, that henceforth they might 
here, at tbe pnbUc sittings, speak of tbe labors of their associates in the 
terms hereafter to be used by the historians of tbe sciences. This new 
conrae has already several times received your kind approbation. The 
ides of departing firom it has never even suggested itself to my mind, as 
indeed, a little rallection would have reminded me, when M. Ampere 
was removed from our midst, of the impossibility of examining his 
works, and of making tlie analysis of bis complete encyclopedia, with- 
out departing fi«m thensoal limitsof oar eulogies. I must acknowledge, 
too, that a close intimacy, an intimacy without a cloud for more than 
thirty years, has also contributed to extend this biography, and to ena- 
ble me to give importance to certain details that one indifferent to bim 
would have passed by unnoticed. If an excuse be necessary, gentlemen, 
I will give it to you in a line in which a great poet has defined firiendsbip 
""Hie only pasdon of the soul in nhicli excess u tolerated." 
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INPANCT OF AUPi:BE, HIS EXTBAOBDINABT MEHOBT, BIS FBECO- 
CIOU3 TALENTS, HIS FATORITE BOOKS — HE W&ITE8 OK THE PBUa- 
TIVE LANGUAGE. 

Andre Marie Ampere, the son of Jean Jacques Ampere and Jeanne 
Antoinette tSarcey de Suti^s, ivas bom at Lyons, in the parish of Saint 
Mizier, on the 22d of Januarj', 1775. 

Jean Jacques Amp^e was well educated, and highly esteemed. His 
■wife was also generally beloved for the uniform sweetness of her distio- 
sition and a heneflcence, ever on the watch for octtasion upon which to 
exercise ibself. A short time after the birth of their son, M, Ampere 
abandoned commerce and retired with his wife to a small estate in Poley- 
mieux-lez-Mont-d'Or, near Lyons, and here in an obscure \'illage, without 
the assistance of a teacher, began to dawn, or, as I should say, to be de- 
veloped that wonderful intellect, the brilliant phases of which I am about 
to unfold. 

The first talent shown Irty Ampfere was that for arithmetic Before 
even understanding figures, or knowing bow to form them, he made 
long calculations with the aid of a limited number of pebbles or beans. 
It may be he had fallen upon the ingenious method of the Hindoos, or, 
perhaps, bis pebbles were combined like the com strung upon parallel 
lines by the Brahmin mathematicians of Pondich^ry, Calcutta, and 
Benares, and handled by them with such rapidity, precision and accur- 
acy. As we advance in the life of Ampere we shall find this snpposi- 
tioD gradually losing its apparent improbability. To illustrate to what 
an extraordinary degree the love of calculation had seized upon the 
young student, being deprived, by the tenderness of his mother, during 
a serious illness, of his dear little pebbles, he snpplied their places 
with pieces of biscuit which had been allowed him after three days 
strict diet. I shall not dwell longer on this illustration, as I am far from 
wishing to give it as an unanswerable or incontestible indication of the 
future vocation of Ampere. There are children, I know, whose apathy 
nothing seems able to aroose, and others, again, who take an interest iu 
every thing, amuse themselves with even mathematical calculations 
without an object. You object to this assertion, charge it, perhaps, with 
exaggeration, and class numerical calculation with those distasteful 
tasks which duty and necessity alone can induce one to underbike. My 
answer is ready, and I will cite, not mere school-boys, but a distinguished 
savant, who, perceiving my astonishment at seeing him, during a public 
meeting of the academy, undertake the multiplication of two long lines 
of figures, said to me at once, " You forget the pleasure it will give me 
directly to prove this calculation by division." 

Young Ampfere soon learned to read, and devoured every book that fell 
into his hand. Historj', travels, poetry, romances and philosophy inter- 
ested him almost equally. If he showed any preference, it was for 
Homer, Lucian, Tasso, FcJni^lon, Comeille, Voltaire, and for Thomas, 



^d by Google 



EDLOQT ON AMPERE. 113 

whom it is snrprisiiig to find, notwitbstanding his nnqnestionable talent 
in so brilliant acompany. The principal stady of the young student of 
Poleymienx was the encyclopedia in alphabetical order, in twenty vol- 
nines in folio. Each one of these twenty Tolomes had separately its 
tnm, tiie second after the first, the third after the second, and so on to 
tbe end, witboat once iutermpting the arithmetioal order. 

Kature had endowed Ampere, to an extraordinary degree, with the 
facalty Plato so aptly, and not too extravagantly, describes as "a great 
u)d powerfiil goddess." Thus this colossi work was completely and 
deeply engraved on the mind of onr finend. Each one of ns has beard 
this member of the Academy of Sciences, at a somewhat advaDced 
age, repeat, with perfect accoracy, long passages from the encyclopedia, 
relating to blazonry, falconry, etc., which a half centnry before he had 
read amidst the rocks of Poleymienx. His mysteriooa and wonderful 
memory, however, astonishes me a thous^id times less than that force 
nnited to flexibility, which enables the mind to assimilate, without con- 
fnsion, after reading in alphabetical order, matter so astonishingly va- 
ried as that in the large dictionary of d'Alembert and Diderot. I wilt 
ask yoo to glance with me over the first pages of the encyclopedia. I 
mention the first pages as I prefer not to choose, that our admiration 
may be spontaneous. 

To begin: The preposition a fills the reader's mind with nice gram- 
matical distinctions; od transport him to the Hebrew calendar; abadir 
to the midst of the mythological histories of Oybele and Saturn. Tlie 
word abamement (depression) carries him at times into algebra, to the 
reduction of the degrees of equations ; into one of the most difficult 
problems of geodesy and the nautical art, when required to determine the 
depression of the horizon at sea; and to heraldry, when abatement desig- 
nates the peculiar signs added to the arms of families when necessary 
to debase their bravery and dignity. Tnmiug the page the article abbi 
will enlighten yoo as to all that is fickle and capricious in the ecclesias- 
tics] discipline. The next word, abgcest, carries you into surgery. To 
the description of the anatomical organization of bees, {alcelles,) of their 
mode of living and reproduction, of their habits, of the hierarchical or- 
ganization of the hive, succeeds almost immediately the explanation of 
the immortal and subtile discovery of Bradley; of those aunual move- 
ments of the stars, which, under the name of idterration, demonstrate 
that the earth is a planet. Some lines further on you fall into the abyss 
of eosm<^^Dy. Abacadabra plunges yon into necromancy. 

This, then, is the kind of reading that a child of thirteen or fonrteeu 
ondertook, or rather planned, for himself without finding it too severe 
a task. I shall have more than one example to give of the strength of 
Ampere's mind. None, however, more remarkable than the one I am 
about to relate. 

As tbe modest library of a retired merchant could no longer satisfy 
the yonng student, his fother took him from time to time to Lyons, where 
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he had accesB to the rarest hooks, among others the works of Bemoalli 
and Euleri When the puny and delicate child first asked the librarian 
for these works the good M. Dabuton exclaimed, *' Do joa understand 
the works of Bernoulli and Eulerf Reflect, my little friend. These 
works rank among the most abstruse the human mind has ever pro- 
duced." " I hope, nevertheless, to be able to understand tliem," replied 
the child. " You are aware, I presume, they are written in Latin," added 
the librarian. This revelation for a moment disheartened our young 
and future associate ; be bad not yet studied the Latin language. It 
is unnecessary to tell you now that at the end of a few weeks this obsta- 
cle was removed. What Ampere sought above all things were qnes- 
tioDS to fathom and problems to solve, even in his earlier studies. The 
word tongue or language {langue) in the ninth volume of the encyclo- 
pedia transported him to the banks of the Euphrates and to the Tower 
of Babel of biblical celebrity. There be fonnd men speaking all the 
same language. A miracle related by Moses suddenly produced the 
confusion. Each tribe spoke from that time a distinct language. These 
languages mingled and became corrupt, and lost by degrees that char- 
acter for simplicity, regularity, and grandeur which distinguished the 
common stock. To discover this original language, or at least to recon- 
struct it with its ancient attributes, was a problem certainly very diffi- 
cult, but the young student did not consider it beyond his powers. 

Great philosophers had already been engaged in this work. In order 
to give a complete history of their attempts, it would be necessary to go 
back to that King of Egypt, who, if we can believ.e Herodotus, caused 
two children to be brought up in absolute seclusion with only a goat as 
nurse, and who then had the simplicity to be astonished that these cbil. 
dren should bleatl The word bicoa proceeding more or less distinctly 
flrom their mouths, he considered the Phrygeans, in whose language is 
found the word beck, {bread,) best qualified to be thought the most 
ancient race of the world. 

Among the modem philosophers who have interested themselves in 
the primitive language, and in the means of restoring it, Descartes and 
Leibnitz occupy, incontestably, the first places. The problem, as these 
men of genius treated it, wa« not merely to improve tbe musical qualities 
of modem languages, to simplify their grammar and to banish from them 
all irregularities and exceptions. They supposed it to consist especially 
of a kind of analysis of the human mind, of the classification of ideas, 
and of the complete and exact enumeration of those which should be con- 
sidered elementary. By means of a language built upon such a founda- 
ion, " the peasants," said Descartes, " would be better judges of the tmtb 
of things than are the philosophers now." Leibnitz expressed tbe same 
idea in different terms, when he wrote that " the universal language 
would add more to the powers of reasoning than the telescope to tlie 
eye, or the magnetic needle to tbe progress of navigation." 

Ko one woul<l be so presuming as to affirm that young Amp^ treated 



EULOGY ON AMP£kE. 115 

the question of the noiversal laogaage with the same comprehensiveness 
and the same research as Descartes and Leibnitz, bnt it can be said, at 
least, that he did not banish its aolution, as the first of these philoso- 
phers did to the land of romance. Nor did he confine himself as the 
second did, to dissertations od the marvellous fitness of the fiitiire in- 
strnment. This instrument he createdl Several of Ampere's friends 
have had in their hands a grammar and dictionary, the fruits of 
his indefatigable perseverance, containiog the almost finished rules 
of the new language. Some have heard him recite fragments of a 
poem composed in this new tongue, and can testily to its harmony, the 
only thing, to tell the troth, of which they could judge, as the meaning 
of the words was unintelligible to them. Who, besides, among us does 
Dot remember the joy experienced by our associate, when, in glancing 
over the work of a modem traveler, he discovered in the vocabulary of a ' 
certain African tribe several combinations, which he had himself formed. 
It will be remembered that a similar discovery was the chief cause of 
Ampiire's warm admiration for the Sanscrit. 

A work which has reached such a degree of advancement, should not 
be condemned to oblivion. The carrying out by Ampere of an idea of 
Descartes and Leibnitz will always interestpliilosophers and philologists 
in the highest degree. The manuscripts of our brother are fortunately 
in bands eminently qualified to bring out all that could contnbate to 
the advancement of science and letters. 

AJIPfiEE'S APPLIOTIOK DUBINa THE TEEEIBLE REVOLUTIOH— SUSPEN- 
SION OF HIS IHTEELECTUAL AUD MORAL FACULTIES — EECOVERY — 
BOTANICAL STUDIES — HIS MEETINO WITH THB LABT WHO AFTEH- 
WABDS BECOUES HIS WIFE. 

The revolutionary tempest in 1703, during one of its most violent con- 
vulsions, penetrated as far as the mountains of Foleymienz, and .Tean- 
Jacques Ampfere becoming alarmed, in order to escape a danger wbich his 
parental and marital solicitude had, perhaps, greatly magnified was 
gnilty of the fatal steps of leaving the country and taking refuge id 
the city of Lyons, and of there accepting the office of justice of the 
peace. 

Ton will remember, gentlemen, Uiat after the seige of that city, CoUot- 
de Herbois and Fouch^ perpetrated there, under the.unfortuuatety spe- 
cious name of reprisals, the most execrable butcheries. Jean-Jacques 
Ampere was one of the first of their numerous victims, less on account 
of holding the position of magistrate during the trial of Cbalier, than 
on account of the hackneyed charge of aristocrat with which be was 
branded, in the writ of arrest, by the very man, who, a few years Inter, 
had engraved on the panels of his carriage, the most brilliant coat of 
arms, and who signed with the title of duke, the conspiracies he was 
plotting against his countiy and his benefactor. 
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The (lay he was to ascend tbe scaffold, JeaD-Jacqnes wrote to Ma 
iiife a letter full of the most sablime simplicity, resignatioa and heroic 
tenderuesa, in which you willfind these words: "Say nothing to Josephine 
(the name of his daughter) of the unhappy fate of her father ; try to 
keep hei' ever in ignorance of it. As to my son, I earpeci everything of 
kim." Alas I the victim deluded himself. The blow was too severe, it was 
beyond tbe strength of a young man of eighteen ; Ampfere was com- 
pletely paralyzed by it. His intellectual faculties, so active, so ardent 
and well developed, seemed suddenly to degenerate into a complete 
idiocy. He would pass whole days mechanically contemplating the 
skies and the earth, or in heaping up little pilsa of sand. His anxious 
fiiends, fearing his symptoms gave indicstiou of a fatal and rapid de- 
cUne, tried to entice him into the Deighboring woods of Poleymieux, to 
'arouse him, if possible, fix)m this lethargy, where " he was," (I use the 
verj' woi"da of our associate,) a mute witness, " an observer without eyes 
or thongUt." 

Tliis torpor of all feeling, mental and moral, lasted for more than a 
year, when the botanical letters of J. J. Bonsseau falling into his hands, 
their clear, harmonious language seemed to penetrate into the very soul 
of the af&icted youth, and iu some degree to restore tone to his mind, 
as the rays of the rising-sun pierce the thick fogs of the morning and 
bear life into the bosom of the plant that the "nambcold night" had 
rendered torpid. Abont the same time a volume, accidentally opened, 
brought to his notice some lines from the ode of Horace to Liicinins. 
These lines seemed to convey no meaning to our iriend, to him who had 
merely learned Latin with sufficient accuracy to enable him to read essays 
on mathematics ; but their cadence charmed him, and from this time, 
contrary to the principles of the moralist who declares the human mind 
incapable of entertaining at the same time more than one ardent pas- 
sion. Ampere gave himself up with unrestrained zeal to the simnlta- 
neous studies of plants and the poets of the Augustan age. A volume 
of the Corpus Poetarum Latinorum accompanied him iu his herboraza- 
tious, as well as the works of Linuieus, and the meadows and hills of 
Poleymieux resounded daily with declamations from Horace, Virgil, 
Lucretius, and especially from Luciau, in the intervals of his dissections 
of a' corolla or the examination of a petal. The quantits of the Latin 
words became so familiar to Ampere, that forty years after, he com- 
posed one hundred and fifty eight technical lines in a post-chaise dur- 
ing a tour of inspection of the universities, without once referring to 
the Oradus. 

The botanical knowledge he acquired in these solitary studies was as 
profound as it was lasting. It is my good fortnue to be able to cite on 
this point the unexceptionable and striking testimony of our colleague, 
M. Auguste de Saint-Hilaire. 

The genus Begonia was among the number of those classed by 
the illustrious de Jus^leu under the head of incertu sedia, because he 
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bad Dot succeeded in discoTering their natural relations. On reacliiog 
Brazil, where a large numberof the species of this genus is found, M.de 
Baint-Hilaire examined them with the scmimlous care which gives so 
much valae to ail bis labors, and discovered their true afliuities. tiome 
time after his return to France, M. de Saint-Hilaire, meeting M. Auip^re 
in society, after the usual interchange of civilities was addresised by him 
in the following terms : " I found yesterday, while walking in a garden, 
a begonia, and amused myself examining it. With what family do you 
classity itf " Since you have examioed it, permit me to a«k you how 
you would classify itt" "I would place it in the at^joiniug group of 
dnagrairea," replied M. Ampere. And, in fact, this was precisely the 
idea a thorough examination, made on the very spot whei« the plant 
grew naturally and in the open air, bad suggested to M. de Saint-Hi- 
laire. But our two colleagues were guilty of the error of not j)ublish- 
ing to the world the solution of a problem whose difficulty is de- 
monstrated by the hesitation concerning it shown by de Jussieu. Ten- 
years later, after his own investigations, Lindley assigned to the genus 
Begonia the place it should properly occupy — the place first indicated 
by Ampere and M.ADgn8te de Saint-Hilaire. Does itnotsurpiise you, 
gentlemen, to find the name of a geometer thus associated with those 
of distinguished botanists T 

Before the bloody catastrophe of Lyons, Amp&re,then but eighteen 
years of age, made a careful examination of his past life, and discov- 
ered, be said, but three prominent points, but three circumstances, 
whose influence on bis future life was important and decided ; these 
were, his first communion, the readiug of the eulogy of Descartes by 
Thomas, and finally — I foresee your suriirise — the fall of the Bastile. 

From his first communion, our associate dates the existence of fixed 
religions feeling ; from the reatling of the eulogy of Descartes, bis 
taste, or ratber bis enthusiastic love for the study of mathematics, 
physics, and philosophy ; and from the fall of the Bastile, the first 
exultation of bis soul at the names of liberty, buman dignity, aod phi- 
lanthropy. The terrible death that snatched Irom the worthy family 
of Poleymieox its venerated bead was calculated to deaden for a time 
the fkculties of our associate, but there was no change wrougbt in his 
convictions. From the moment his intellect was aroused from its slum- 
ber, that devotion of mind and heart to the cause of civilization i-esumed 
it«sway. He scornfully rejected the idea that the fury of a few demons — 
that crimes — firom which he bad so cruelly suffered could arrest the pi-o- 
gressive march of the world. 

The fertile mind with which nature bad endowed the studeut of Poley- 
mieox had been active fhim his earliest infancy; bnt such, however, 
bad not been the case with his senses. Those powerful instruments of 
pleasure and of study were revealed to Ampere at a much later date — 
atleast in all the fullness of their power — and then by akiud of sudden reve- 
lation; which, on this accoant, seems not unworthy of being classed with 
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CUesselden'shistoryof tlie man bliDd&om bis birth and fflidclealy restored 
to sight by the remoTal of a cataract. Ampere was extremely near-sight- 
ed ; objects only sligh tly distant seemed to him but confused and undefined 
masses. He could form uo idea of the pleasure manifested in bis pres- 
euce by the hundreds of people at varioas times descending the river 
Siiuue between Laneuville and Lyons. One day there chanced to be on 
the boat a traveler aa near-sighted as himself, and with glasses which 
proved to beofanumbertosuithiseyes. Hotriedthem,andastfbymagic 
all nature assumed a different aspect, the smiling woods, picturesque 
country, graceful, gently undulating hills, rich, warm, harmonioosly 
blended tints, spoke for the first time to his imagination, and a torrent 
of tears proclaimed his deep emotion. 

Our associate was then but eighteen, and from that time was 
keenly aUve to all the beauties of nature, I have been told that, in 
1812, while traveling along the Mediterranean shore of Italy, a view 
from certain points of the celebrated Corniche on the coast of Geuoa 
threw our Mend into such an ecstacy of admiration that instant death 
in the presence of that sublime picture was all he desired. 

Were it needful to show how profound were these impressions, and 
to what extent Ampere could make them available in coloring the 
most common-place scenery he desired to embellish, a striking proof may 
be fouud in a letter dated January 24, 1819. 

At this time our Mend was living in a modest house he had pur- 
chased at the comer of the streets Foss^s-Saint-Yictot and Boulangers. 
The garden, more unpretending stiU, contained not more than ten super- 
ficial meters of unproductive land, recently spaded. Several terraces 
were succeeded by a steep and tortuous trench, crossed by two or three 
narrow planks over the deepest parts, the whole surrounded by a very 
high wall. But, you exclaim, you are describing the damp, gloomy yard 
of a prison. Ko, gentlemen ; I am describing the plan and appearance 
of a garden where Ampere,- in the middle of January, in the street des 
Boulangers, was already dreaming of— I had almost said was absolutely 
seeing — green grass, trees in full leaf, and beautiful flowers, filling the 
air with their delicious perfumes ; and cliunps of shrubbery beneath 
whose shade he could revel iu the delightful task of reading letters fh>m 
his Lyonuese friends, where a bridge thrown over the valley formed 
a picturesque object. 

Pardon me, gentlemen, for having anticipated the order of time — for 
having selected irom the life of oui' friend the only circumstance, per- 
haps, where his imagination has not been a source of sorrow to him. 

It was not ouly the emotions of beauty, grandeur, and sublimity with 
which the hearts of most men are inspired by the view of rural and 
mountainous scenery to which Ampere had been suddenly awakened. 
The nmsical sense was also of sudden birth. In his youth Ampere 
bad ^veu very serious attention to acoustics. He had tekeu great 
delight iu studying the manner iu which waves of air are created 
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and propagated ; the different vibrations of a stretched cord ; the 
cnrioaa periodic chaugea of intensity, desigoated as beats, &c. But 
mnaic, properly ao-called, was to him a sealed book. 

The day finally came, however, when certain combioatioDs of sounds 
vere to Ampere something more than mathematical problems — some- 
thing more than the monotonous tinkling of bells. 

In the thirtieth year of his age he accompanied some friends to a con- 
cert on one occasion, where, in the beginning, the scientific, animated, 
and expressive music of Qlilck was alone performed. The discomfort 
of Ampi>re was apparent to all ; he yawned, twisted himself, arose, 
walked about, halted, walked again, without aim or end. From time to 
time (and this with him was the last stage of nervous impatience) he 
would place himself in one of the comers of the room, tnniiDg bis back 
OD the whole assembly. Finally, ennut, that terrible enemy our acade- 
mician had never learned to control, from not having been, as he said, 
at school in hia childhood, seemed to ooze from every i»ore. Now, the 
scientiflc mnaic of the celebrated German composer was succeeded un- 
ezpeGt«dly by some sweet, simple melodies; and oar associate suddenly 
felt himself transported into a new world, and his emotions betrayed 
themselves again by copious teara; the chord uniting the ear and heart 
of Ampere wa^truok, and made for the first time to vibrate in unison. 

Time made no change in this peculiar taste. During his whole life 
Ampere showed the* same fondness for simple, unaffected songs; the 
same distaste for scientific, noisy, labored music. Can it be true that 
in the beautiful'art of snch masters aa Mozart, Ch^rabini, Berton, 
Anber, Rossini, and Meyerbeer there are no fixed rules by which to 
distinguish the very good ^m the very bad ; the beautiful from the 
bideousT At all events, may the example of the learned academician 
render us indulgent to the championa of the ruthless war between the 
Glnckists and Piccinists witnessed by our fathers ; and may it induce us 
to pardon the famous mot of Fontenelle, '^Sonate, que me veux tuT" — 
("Sonata, what have you to do with meV) As we have just seen, Ampere 
was almost blind to one of the fine arts until eighteen, and almost deaf 
to another until thirty. It was during this interval — that is, wbeu about 
twenty -one — that bis lieartsuddenly opened toa new passion, that of love. 
Ampere, who wrote so little,*has left some papers, entitled Amorunt, 
to which he confided, day by day, the touching, artless, and truly beau- 
tifhl history of his feelings. The first page begins thus; "One day 

while strolling, after sunset, along the banks of a solitary stream," 

The phrase remains nnfinished. I will finish it with the aid of the 
memory of some of the early friends of the learned academician. 

The day was the 10th of August, 17%. 

The solitary stream was not far from the little village of Saint Ger- 
main, a short distance from Poleymieux. 

Ampere was botanizing. His eyes, in perfect condition to see since 
the adventure on the barge of the Sadne, were not now bo exclusively 
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fixed OD pistils, Btamens, and nerves of leaves that he was nnable to 
observe at some distaDce two youag and pretty girls, of modest de- 
mcauor, who were gathering flowers in a vast meadow. 

This accidental meeting decided the fate of onr associate. Until then 
the idea of marriage had never even presented itself to his mind. Ton 
fancy, perhaps, the idea wilt qaietly take root there, and germinatd by 
degrees; but romantic imaginations do not proceed in this way. Am- 
pere would have been married that very day. The woman of his choice 
— the only one he ever woald hsfre married — was one of those two yoong 
girls seen in the distance, with whose family he was not act|nainted, of 
whose name he was ignorant, and whose voice had never reached his 
ear. But the afl^ was not so speedily disposed o£ It was not until 
three years afterward that the yonng girt of the solitary stream and 
meadow, Mademoiselle Jnlie Carron, became Madame Ampere. 

But Ampere was without fortune, and before giving their daughter 
to him the parents of Mademoiselle Carron prudently exacted that be 
should consider the expenses entailed by marriage, and,.a3 is commonly 
said in the world, establish himself in some business. You will smile, 
I am sure, to hear that, entirely engrossed by his passion, Ampere 
allowed them serionsly to propose his applying for a position in some 
shop, where, from morning until night, be woald uufoTil and fold and 
nn^ld again the beautiful Lyonnese silks ; where his dnty would con- 
sist principally in detaining the purchasers by engaging thtem in agree- 
able conversation, in adhering strictly to a fixed price, but without 
impatience; in descanting at large on the quality of the fabrics, the 
taste of the trimmings, and the fastness of the colors. 

Amp^, without having taken any part in the discussion, escaped 
this great danger. Science winning the day in a family council, he left 
his beloved mountains and proceeded to Lyons to give private lessons 
in mathematics. 

A20>&BE, PEIVATE PB0FES80B OF MATHSMATIOS AT LYONS — CQEU- 
lOAL STUDIES — MAEB.L4.QE — A CHOSEN PEOFESSOB OP PHYSICS AI 
THE CENTRAL SCIIOOL OF BOUEO. 

The period now reached in the life of Amp^ is marked by more 
than one memorable eveut. In this he formed those intimate fl-iend- 
sl^ips which stood the test of, without being shaken by, the political 
crises and disorders of more than half a century. The new friends, 
animated by the same tastes, met every morning, at an early hour, at the 
house of one of the number, M. Lenoir, who cannot be described more 
clearly than as one of the best, gentlest, and most benevolent men who 
has ever honored the human race. There, in the Place dea Cordeliern, 
before sunrise, iu the tiith storj' of the house, seven or eight yoaug men 
comi)cmuit4<d themselves, in advance, for the weariness of Uie day de- 
voted to business, by reading aloud the chemistry of Lavoisier j a work 



D,=;,lz...,C00g[e 



EDLOGT ON AUPilBB. 121 

in which the severity of the method and t^e clearness of the exposition 
seemed to vie with the importance of the results, ood, which excited in 
tiie mind of Ampere the most geouine enthosium. The public, a few 
years later, -wen enrprised to find s very profoond ehemiat in the pro- 
fessor of transcendent^ analysis in the Polytechnic School ; but at that 
time notbiug was known of the private readings in the Place det Corde- 
tier* in Lyons. On examining the matter closely, yon will find it rare, not 
to be able to discover in the lives of all men the thread, sometimes 
bi^ly attenuated, connecting the excellences and tastes of a riper age 
with the impressions of youth. 

The marriageof Ampere took place the 16thTbuinidor,in the year VII, 
(the 2d of Angnst, 1799.) The family of Mademoiselle Oarron having 
no faith in the ewom priests, the only ones then recognized by the civil 
law, considered it neceaaai? to have the religions ceremony performed 
seaietly. This circumstance, as will be readily understood, made a pro- 
found impression on the miud of the learned geometer. 

Ampere, now enjoying the fullness of a happiness which alas was 
destined soon to end, quietly divided his time between the pleasures of 
family and friendly intercoorse and the direction of the mathematical 
ladies of his private pupils. The 24th Thwmidor, in the year VIII, 
(Sth of August 1800,) his happiness was' increased by the birth of a 
so% whci, though still young, ranks high among the 4lxte of French 
litoary writers, and bears with distinction an illustrions name.* 

Out friend,nowfeeIingthe responsibilities of paternity, could no longOT 
remain satisfied frith the precarious living derived from the position of 
a private teacher ; and, obtaining the chair of physics in the central 
school of the department of Aix, in the month of December, 1801, he 
repaired to Bonrg, with a sad aud sorrowfol heart at the separation 
from his family, being forced to leave his wife, then seriously ill, at 
Lyons. 

AMPtKE'S KXHOm ON PBOBISILITIBS. 

The studies, plans, and investigations of M. Ampere np to this time 
had never been given to the public, but remained confined to the limited 
circle of a few friends. 

It seems nnnecesaary to make any especial exception of the two man- 
uscript memoirs addressed to the Academy of Lyons. Now, however, 
the young savant began to reveal himself to the public, and, as might be 
expected, the first occasion was the discussion, of a complicated and 
controverted question of most difficult solution. 

The vast field of mathematics embraces on one side abstract theories, 
and on the other thehr numonus applications. In the last form they 
interest the generality of men in the highest degree ; whom we see, in 
all ages, seeking, suggesting, and proposing new applications, founded 
on observations of natural phenomena or the necessities of eveiy-day 
life, thus giving the mere amateur the privilege of having his name hon- 
orably inscribed on the records of science. 

■ Since dead. - , 
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Hiero, King of Syracuse, SQBpecting the honestrf of a goldsmith, and 
desiring, withont injuring his crown, to determine the purity of the 
gold, applied to Archimedes, who thus, through bis iDBtrumentality, 
discovered the fundamental principle of hydrostatics, one of the most 
brilliant discoveries of antiquity. 

The curioso who asked, after having observed the seven bridges be- 
tween the two branches of the river Pregel and the island of Kneiphof, 
whether it were possible to cross them successively without passing 
twice over the same, and he who wished to know how the Iinight conld 
move over the eixty-four squares of the chess-board without returning 
twice to the same square, became involved in that geometry of position, 
(glanced at by Leibnitz,) which never makes use of the magnitudes of 
quantities. 

Finally, the speculations of a gambler, belonging to the aristocratio 
circles, the Chevalier de M.6t6, first suggested, in the reign of Louis 
SIV, the calculation of probabiUties, or at least dh^cted toward it 
the attention of Pascal and Fermat, two of the most wonderM 
geniuses of whom France is so deservedly proud. 

This l^t branch of applied mathematics, although called, by an illus- 
trious geometer, " common scTtse reduced to calcutation," was not received 
without opposition. 

Even now public opinion will scarcely admit that analyticf^ formnlas 
are capable of determiuing the secret of judiciary decisions ; or of giv- 
ing the comparative values of judgments pronounced by tribunals dif- 
ferently constituted ; it unwillingly adopts, also, the nomerical limits in 
which have been included the mean result of several series of distinct 
and more or less concordant observations. When there is a question 
of an order of problems less subtile, all understanding play require 
but the most ordinary inteUigence to see at a glance that the aid of 
algebra can here be satis&ctorily called in, but even here are met, 
in the details and applications, real difficulties, requiring the skill of 
professional men. 

Every one readily understands the danger, the stakes being equal, 
of playing when the conditions of the game give to one greater chances 
of winning ; every one sees, too, at the first glance, that if the chances of 
the two players areuneqnal,the stakes should be so too; that if the chances 
of one, for example, are tenfold those of his adversary, the respective 
stakes, the sums risked upon the game, should be in the proportion of 
ten to one ; that this exact proportionality of tbe stakes to the cbancea 
is the necessary and characteristic rule, sufficient for all fair play. 
There are cases, however, where, in spite of the observance of these 
mathematical conditions, a prudent man would decline to play. Who, 
for instance, with a million of chances against one in his iavov, would 
risk a million to gain one fVancf 

In order to explain this anomaly, this disagreement between the re- 
sults of calculation and the inspirations of common sense, Button found 
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it wonlcl be necessary to add a new condition to the principles which 
bad seemed to satisfy all but bimself. He referred to moral considera- 
tions. He remarked that we could not, aoless by instinct, prevent oor- 
selves fhim ackuowledging the effects, the loss or profit attached to the 
proposed games would bare on our social position and habits ; he ob- 
served that an advantage derived fhim a benefit could not be measnred 
by the absolute ralne of that benefit, separated from the fortune to 
which it was abont to be added. The geometrical relation of the increase 
of fortune to the primitive fortune seemed to bim to lead to considera- 
tJoDS much more in accordance with onr mode of life. By adopting 
this rule you understand at once, for example, that with a million of fovor- 
able chances against one single adverse chance, no man, in the fall 
possession of his senses, would consent to play a million francs against 
one. 

The introduction of moral considerations into the mathematical theory 
of play has undonbtedly detracted from its importance, its clearness, and 
vigor. It sbonid l>6 regretted, then, that Bnffon has used them to reach 
tlie conclusion, given in these words : "A long series of chances, is a 
fatal chain : whose prolongation leads to misery," in less poetical terms, 
a professional player ends in certain mini 

This proposition is of the highest social importance, and Ampere was 
anxious to demonstrate it without borrowing the conditions used by 
the distinguished naturalist, and the not less celebrated Daniel BemoulU. 
Snch was the principal object of the work, which appeared in Lyons in 
1802, with the modest title of "Considerations sur la tkSorie matkSmati- 
quedujeu" — "Refiections on the mathematical theory of chances," in 
which the author proves himself an ingenious and practiced calculator. 
His formulas, full of elegance, lead to purely algebraic demonstrations 
of theorems, seeming to require the application of the differential 
analysis. The principal question, moreover, is found completely solved. 
The course followed by Ampere is clear, methodical, and faultless. 
He first established that, between two persons, equally rich, the mathe- 
matical principle of Pascal and Fermat, the proportionality of the 
stakes to the favorable chances should inevitably be the rale of the 
game; that inequahty of fortunes sbonld give rise to no change in this 
general rule when the players have decided to play but a limited num- 
ber of games, so few that neither shall be exposed to the total loss of 
all his fortune; that the question is changed if. there should be an in- 
definite number of games, and a possibility of coDtiouing the play a 
longer time, thus giving to the richer player an incontestable advant- 
age, which rapidly increases, in proportion to the difference of fortunes. 

The disadvantage of one of the players becomes immense if his ad- 
versary be very much richer than be, which is always, and very evi- 
dently, the case of the professional player, who plays with every one. 
The whole number of players against whom he plays is to be considered 
as one single individual endowed with an immense fortune. In games 
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vhere the chaDces are equal, and wbere skill is not required, the pro- 
fessional player may be snre, in due time, of certAin rain — a£act estab- 
llshed beyond dispute by the formolas of Ampere. 

The empty words "good luck," "chance," "lucky star," "lucky run," 
can neither hasten nor retard tbe eseoution of a sentence pronooDced in 
the name of algebraic authority. 

There is a school, c^liiig itself tbe ntilitari^i, Trhich has inscribed 
oil its banners three formidable words, A quoi bont "Of what use f" 
and wliich, in its bitter warfare against what it calls material and intel- 
lectual superfluities, would commit to the flames our fine libraries and 
splendid masenm's, and reduce us to the necessity of eating acorns as 
oui- fotbers did. These adepts would now ask me, How many gamblers 
have Amp^r^s calculations reclaimed! 

I confess now, in advance, with all humility, aud without intending 
to reflect upon the memory of our colleague, that the work just analyzed 
in detail has not, perhaps, reclaimed one single individual infected 
with the inveterate mania for play. The remedy has not taken effect; 
but can it be proved it has often been applledl Have there ever been 
professional players sufBciently versed in algebra to understand the 
formulas of M. Ampere, and to appreciate their perfect accnracyt Too 
would be sadly mistaken, too, if you fancied tbat the certainty of losing 
would deter every one from gambling. My doubt seems paradoxical, 
certainly; I will endeavor to justify it. 

Some years since in Paris, I made tbe acquaintance of a distingui^ed 
foreigner, of great wealth, but in wretched health, whose life, save a few 
hours given to repose, was regularly divided between the most interest- 
ing soientiflo researches and gambling. It was a source of great regret 
to me that this learned experimentalist should devote the half of so 
valuable a life to a course so little in harmony with an intellect whose 
wonderful powers called forth the admiration of the world around him. 
Unfortunately there occurred fluctuations of loss and gain, momentarily 
balancing each other, which led him to conclude that the advantages 
enjoyed by the bank were neither so assured nor considerable as to pre- 
clude his winning largely through a run of luck. The analytical formu- 
las of probabilities offering a radical means, the only one perhaps of 
dissipating this illusion, I proposed, the number of the games and the 
stakes beinggiven, todetermine in advance, in my study, tiie amount, not 
merely of the loss of a day, nor that irf a week, but of each quarter. 
The calculation was found so regularly to agree with the corresponding 
diminution of the bank-notes in the foreigner's pocket-book tbat a doubt 
codld no longer be entertained. 

Did the learned gentlemau renounce gambling foroverf No, gentlemen ; 
for a fortnight only. He declared tbat my calculations had completely 
convinced him; that he would no longer be tbe ignorant tributary 
of the gaming-houses of Paris; that he would continue the same 
kind of life, but without the mad excitement of hope and fear that led 
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bim OQ before. " I shall do longer," be added, " be in ignontDce of the 
tact that the 50,000 fhincs of my fortaoe couaecrated to play will pass 
into other bands. I am resigned to it perfectly; but I shall no longer 
be, in the eyes of tbe world, the dapo of an absnrd delnsion. I shall 
coutinae to play, becaase the Bnperflnoaa 50,000 francs expended in any- 
other way wonid be unable to excite in my feeble frame, undermined by 
saffering, the lively sensations alone aroused by tbe rarioos combina- 
tioDS, fortunate and adverse, displayed every night on the green carpet ! " 

A little reflection will prove that these vords are not a mere para- 
phrase of the well-known witticism of a celebrated statesman : "After 
the plesanre of winning, I know none bo great aa that of losing." 

It would be doing injnstice to mathematical science if I attempted to 
defend its formnlas against tbe reproach of not having foreseen that 
the passionate storms, resulting bom play, which sweep the bosom would 
not always prevail over the soft and tonching gratiflcation men of means 
might daily enjoy in applying their wealth to the alleviation of human 
misery. Tbe passions, although of divine institution, as a woman of 
the world ouce said, are so protean that it wonld l>e a vain effort on the 
part of mathematics to entwine them in their regular and methodical 
meshes. Bat, again, if science has failed in such a tasli, the misfortane 
is shared by the dialectics of the moralist, the eloquence of the pulpit, 
and even by the sweet persuasions of tbe poet I have read somewhere 
that Colbert on one occasion wished to dissuade the monarch whom he 
had never failed to serve with devotion and ability from undertaking a 
certain war. Boilean, promising to aid him in his effort, addressed to 
Louis XIV that beantifnt letter containing a seductive picture of the 
delights of peace, and, among other remarliable passages, the lines on 
the Emperor Titus, that live in the memory of every one : 

Qni rendit ds bod Jong I'nniven amoQi«QX ; 
Qn'on a'alla jamais voir Baas reveuiT henrenx ; 
Qui Boupirait, le soil, si Ba main fortune 
N'aviut par ses biunfaita ugnal^ Ba jonm^ 



Wben cloaiug a day U 

These lines touched the heart of tbe king. He caused them to be 
read aloud to bim three times, then ordered his horse to be saddled, and 
straightway joined the army. 

AWP^BE'S POETICAI. COHFOSmONS. 

Ampere composed, in bis early yonth a tragedy on the death of Han- 
nibal, in which are to be found some excellent poetry and the noblest 
sentiments. I mnst add here, that dnring bis sojourn in the principal 
town of the department of Ain, his mind was not so completely ab- 
sorbed in Bcieuce, that he could give no time to the study of literatnre 
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and the higher Idods of poetry. Take for example a letter handed to 
me receotly, by our learned colleague M. Isidore Geof&oy, from Boorg, 
and read by bim, the 26th germinal, year XI, before the EmnlatioD 
Society of Ain, beginning thus: 

Tom Tonlez, done, belle Emille, 
Que de Greaset on d*Haimltoii 
D€rob&Dt lo legor crayon, 
J'aille cborcber dans ma folie, 
8nr les lOBiers de I'H^licoa, * 

S'il reste encor quelque boaton 



Tbeo, wouldat thoo, fairest Emilf, 

Have mo Htcal tbo pencil fre« 
01 Grossetor of Hajoilton; 

And Wend my way to Helicon, 
To see if on the rose trees there 
Some bada remain, tbey wollcoald snaro 

From all tbe flowers they have called 
To glean some bud they well could spare 

T% be for thy soft bosom pnlled. 

I am not sure that the beautiful Emily was not one of those imagi- 
nary beings so lavishly invested by poets with perfections of their own 
creation ; but the Mends of Ampfere will remember that tbe eminently 
good, beautiful and distinguished woman, who had united her destiny 
with his, had otten inspired bis muse; many wilt recall some lines, 
whose first appearance excited no little sensation ; 

Que J'aime i, m'Agarer dans oea routes flenriea, 
Oil je t 'ai vue eirer sous ua dais de lilaa; 
Qne j'aime & rrip^ter aux nympbes attendriea, 
6ur I'herbe oti tu t'assis, les vers qne ta chautaa. 



'TIS sweet my wandeiing steps to lose 

Alonx tbo path of floncrB, 
Where ligliter feet were wont to choose, 

Their way mid lilac bowers: 
And on the turf that tbou hast prest, 
' To breathe forth once again, 

fho song that made the wood nymphs bleat, 

Thiae own enchanting strain. 

They lie aronnd, those Jasmins fair 

With which I deck'd thy brow ; 
That privet, it hath touched thy bair. 

To me 'tis sacred now. 

A certain mathematician once made the sad mistake of publishing 
some verses, faultless as to measure and rhyme, but without other 
merit. A witty lady, hearing them read, remarked that the author 
of the tines, after the example of M. Jourdain, icrote prose tcithout 
knowing it. Many writers, called poets, though never having passed 
tbroagb a course of geometry, have fallen into the same error. A 
satirical remark, however, cannot revive the so often silenced question 
of the chilling inflnencea of scientific studies. Such names as those of 
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Plato, Lacretins, Descartes, Pascal, Haller, Voltaire, and of J. J. Boas- 
sean, ettectnalty settle it; and abould tbe discussion be evt;r reoewed, 
Amp^rejs letter, several liQea of wbich I have just quoted, could be 
cited with advantage, and bia name added to the distiuguisbed list. 

Toa may think, perhaps, gentlemen, aud not without reason, that I 
have lingered too long over the poetical works of Ampere. I wonld 
like to remind you of tbe four lines, not more, addressed to the cele- 
brated Ninon de I'Euclos by tbe great geometer Huygens, and so 
nucbaritably revived by literary writers. The law of retaliation 
aatborizes me to contrast, with this unlucky quatrain, the scientific 
errors of different poets. Boileaa might figure in our polemics, if ^e 
tboQghC it advisable, as but a sorry votary of the learned Urania, 
proved by these two lines from bis Satire on Women : 



" Let another try to discover, with tbe astrolabe in hand, whether the 
son is fixed or whether it turns on its aaisP 

The worthy Abb6 Delille did not prove himself more orthodox, when 
he attributes, in a passage in his inaugural, the mwe brilliant coloring, 
rapid growth, and greater fragrance of tbe tropical productions to tbe 
fact that the Sun warms them from a nearer point. 

This remarkable instance of scientific knowledge is worthy of being 
ranked with that conveyed in the line of a man, who surely had never 
donbled Cape Horn, nor even read Cook's voyages ; a line which should . 
have suggested to the writer to knock from beneath him the Parnas- 
sian ladder — 

From the frozen to the 'burning pole I 

Bnt it seems to me, gentlemen, that within these walls instead of 
looking for poets who are not savants, it wonld be better to cite savants 
who have been something of poets. 

AXPtUE, SUMMONED TO PAEI3, BECOMES TUTOE, AND AFTEHWAED3 
PBOFESSOB OF ANAliYSlS, AT THE POLYTECHNIC SCHOOL. 

Ijalande and Delambre were delighted with the analytical work of 
the young professor of Bourg on the calculation of probabilities ; they 
summoned him to Paris, and gave him tbe jiosition of tutor in the Poly- 
technic School, where be acquitted himself with great credit, but not 
without encounteripg many trials, resnlts of the retired life he ha^ pre- 
Tionsly led. Badly advised by friends ignorant of the custxims of the 
place, Ampere made bis appearance before bia classes, in a school almost 
military, dressed in a fashionable black coat, miserably made by 
one of tbe most unskillfnl tailors of tbe capital j and for several week; 
this nnlucky garment was a source of soch distraction to more tfaan a 
hundred young men that they were nnable to attend to the treasures of 
science falling from the lips of tbe savant.. 
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T.ie tutor, fearing the characters od the black-board are not snfflcient- 
ly distiDct to be seen by the more distant members of the class, very 
naturally endeavors to remedy the evil by increasing their gize. la 
the discussion which usually follows the lesson, with the young men 
gathered around him, several of them, in a spirit of mischief, exagger- 
ating their want of sight, induce the benevolent professor to increase 
the size of the figures by degrees, until the immense black-board, far 
from affording room for intricate calculationB, can scaroely give place to 
a few figures. 

Absorbed finally in the elucidation of a difficult theory, in the heat of 
demonstration he mistakes the robber covered with chalk for hia hand- 
kerchief. The account of this certainly veiy innocent mistake, amplified 
and magnified, passes from rank to rank, until, when he appeared again 
before them, he was no longer the learned analyst of their admiration, 
but the innocent object of ttieir mirth ; his moments of abstraction, so 
eagerly watched for, being but signals for ridicule too long anticipated 
to be willingly relinquished. 

Yon now know, gentlemen, the rocks npon which the knowledge and 
zeal of the worthy professor were so ofte^i wrecked. 

PSYCHOLOGY, HBTAPHY8ICS, AMPilBB'S PASSION FOB THEM. 

At the same time as geometrician and metaphysician. Ampere, 
firom his first arrival in Paris, moved in two distinct societies ; the only 
featureof resemblance being the celebrity of their members. In one. 
were to be fbnnd the first-clasa of the ancient Institute, the professors 
and examiners of the Polytechnic school, and the profeRsors of the col- 
lege of France. In the other, Cabanis, Destutt de Tracy, Maine de 
Biran, Beg4rando, &c. 

Here the effort was to fiithom and analyze the mysteries of the mind. 
There this mind, in sach measure as nature has bestowed it, and as edn- 
cation has improved and enlarged it, was each day producing new 
marvels. The psychologists sought the paths that lead to discoveiy ; 
the geometers, chemists, and physicists were actnally making discover- 
ies. Without devoting too much time to the manner in which it was 
done, they discovered sometimes the analytical formulfe now actually 
including the laws of the movements of the stars ; sometimes the sub- 
tile roles of molecular actions, which, while givingusthc clue to the causes 
(rf a great number of natural phenomena, throw light upon the operations 
of art, and developed national wealth. They made themselves mas- 
ters finally, of the newpropertiesoflight, electricity andmagnetiam, which 
have given so much brilliancy to the first years of this century. Vibrat- 
ing between these two schools, if the term may be allowed, Amp&re's ar- 
dent imagiuatiou daily endured the severest trials. I am not able to 
say, with any certainty, how the exact sciences were regarded by meta- 
physicians ; but I know that geometers and chemists held in very slight 
esteem, investigations purely psychoktgical. 
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Tbiserror, for I am very mucU iocliued to believe tbis was au error, 
will be somewhat lessened in the eyes of those who will take into con- 
siileratioD that in metaphysics every thing is connected, linked and 
bound together like the meshes of the most delicate tissue, in such a 
manner that a principal cannot be detached from the whole number of 
defiuitions, observations, and hypotheses from which it emanates, with- 
out losing most Of its apparent importance and perspicuity. When 
Ampere, still warmly excited by the conferences he had just held with 
the psychologists, sttx>ve madly, I mean witbont preparation, to burl 
Vimeistkesey for example, into the midst of s reunion of geometers, phy- 
sicist», and naturalists, when still under the influence of bis enthusiasm, 
he maintained that an obscure word, or at least one not understood, con- 
tained the most beautiful discovery of the century, was it not natural ' 
be should encounter skeptical This would have been of no conse- 
qaeuce if the extreme amiability of our associate had not allowed the 
Bkeptii;8 whose role is to ridicule, to usurp the place of those whose 
doubts were serious. 

I find in the maooscript corres[)ondence, to which I have access 
through M. Bredin, that Ampere had contemplated while in Paris the 
poblication of a book which he intended to call " IntroducUon to Phil- 
osophi/.^ 

The famous anathema of Napoleon against ideology did not discour- 
age him; it seemed to him rather to contribute to the propagation of 
this kind of studies than to its suppression. Our associate continued 
to elitborate his Theory of Relations, his Theory of Ejnsience, of Sul^ec- 
tive and Objective Knowledge, and of Absolvte Mwality. 

Ue considered himself incapable of throwing sufficient light on sub- 
jects so difficult to treat without submitting them to auimatcd verbal 
discussions. Unfortunately the so ardently desired opportunities were 
not to be found in Paris at that time. Maine de Biron bad returned to 
Beijerac, and among the remaining inhabitants of that immense capital, 
not one seemed to feel any interest, from a metaphysical point of view, 
in sobjective, objective, and absolute morality. Ampere then turned 
his e,\e:i in the direction of the friends of his youth, and resolved to re- 
turn for a short time to Lyons. The terms of the visit were strictly 
arranged ; a certainty of at least four ajternoims a week devoted to dis- 
cossioiis on ideology , a formal promise that each day should be read 
and examined with a view to correction in composition and perspicuity, 
the subjects of each day's study. Although 1 have not at hand the text 
of thert'plieereceivedby AmpftrGlhaveeveryreasontobelieve they were 
far from giving him satisfaction. " How wouderful is the science of psy- 
eboloyy !" he wrote to M. Bve<lin, " and moat unhappily for me, yon no 
longer feel an interest in it, is it necessary, besides to deprive me of cU 
earthly consolation, he said, to know we no longer sympathize on meta- 
pbj'sicul subjects. • • • Atwut the only thinj which interests mi", 
Us 
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yoa no longer think as I do. • • • This creates a frightful void in 
my soul." 

Anii>{!re'» frieuds ia LyoiiH had found his psychology somewhat dry 
aiid uiinnte. Thtty tried to iuduce bim to return to the exact scienoes, 
but onr associate replied to them in a lyrical strain, " How can I abandon 
a country full of flowers and fresh, running waters ; how give np strenmB 
and groves for deserts scorched by the rays of a mathematical sun, 
which, difFusing over nil sarrounding objects the most brilliant light, 
withers and dries them down to the verj- roots ? • • • How much 
more agreeable to wander under flitting shades than walk in straight 
paths, where the eye embraces all at a glance, and where nothing seems 
, to fly before us to incite us to pursue !" 

It was my desire to seet the fresh groves discovered by Ampere and 
to try to persuade yon to enter tbem wi'h me; but, alas! accustomed 
by yonr advice and example to prize above all things iu matters of sci- 
ence, straight and well-lighted paths, my dazzled eyes found but pro- 
found darkness where the piercing eyes of our ingenious friend were 
privileged to see brilliant semi- tints. Without the guide of Ariadne's clue 
it would be in vain to attempt Ampere's manuscripts, I should be afraid, I 
mnstacfenowledge,ofbeingforced,as Voltaire wasformerly, to place atthe 
end of each metaphysical proposition the two lettisrs N. L., traced by the 
style of the Soman magistrate, when the cases seemed too ol>scare to 
allow a well-grounded judgment. But non liquet, {it is not clear,} too fre- 
quently repeated, in spite of perfect sincerity, would have worn an air 
of affected modesty to be avoided at any price. 

Is ray extreme diffldence to bo condemned t It would not bo di£Scalt 
to Justify it by pointing alone to the arrogant contempt each psychologi- 
cal school casts upon its rival, and that through the organ of its most 
eloquent propagandists. 

Listen to what I will read to you from the lectures of one of its most 
celebrated teachers, Laromiguiere, "WTiat is a science which has 
neither fixed nor invariable methods! which changes its nature and its 
form at the will of those who profess itf What is a science which is 
no longer to-day what it was yesterday ; which by turns boasts as its 
oracles Plato, Aristotle, Descartes, Locke, Leibnitz, and so many others 
whose doctrines and methods seem to have nothing iu common! In a 
word, what is a science, not only whose existence, but whose possibihty 
is questioned!" 

But Ampk« bespoke in advance all my reserve when he eselaimed. 
These last have only uttered what is eminently just and true, when in 
comparing the true meta[>hysicians of the schools of £ant and Schcl- 
liug with the followers of Ueid and Dugald Stewart, they said, the latut 
are to the first what good cooks are to chemists. 

I will leave to themost competent judges of future times to assign to 
Ampere a place amongst psychologists. Nevertheless, I may now afflrm 
thiit (he wondiTM powers of penetration and the rare faculty of reach- 
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ing wide general izntio us from minute detail muet bavc distinguished 
his mctapliysical researches, since it shone with such brillJancj in 
works on physical matbematice the most solid, or, if yon prefer, the 
most generally recognized and the most indispntable foandation of his 
scientific fame at the present day. Ampfere, in metaphysics, as nearly as 
the subject woold permit, approximated to the experimental method. It 
certainly is not from his month that proceeded those incredible words 
attributed to a psychologist, " I despise you as 1 do a fact" 

He, on the contrary, held facta in the highest favor. Heshowed great 
fertility in combuiing them with his theories. When, though rarely hia 
efforts in this line were fruitless, theories were immediately changed or 
abnndoued. Amongst my hearers there are probably some to whom 
tfaese words will recall both the first ideas of our associate on the instinct 
of animals and the manner in wliicb he modified them. The circum- 
stances of this sudden change seem to merit being preserved. 

Among the most promineut of the many vexed metaphysical ques- 
tiona id, whether animals possess the powers of reasoning, or are solely 
gaided by instiDct — a question which will, perhaps, be bett«r understood 
by preseuting it in these terms: Must we, with Aristotle, concede only 
feeling aad memory to the brate creationi Is it true they are without 
liie fkcalty of compariug their actions and drawing conclusions f Am- 
pere, avowing himself on this point a decided peripatetic, in the pres- 
ence of several of hia friends, one of them related, in opposition to his 
views, the following anecdote : 

" Being overtaken one night, not far ft«m Montpelier, by a violent 
storm, I took refuge in an inn, in the first village I fonnd on my road. 
The death of a lean chicken was the immediate result of this unex- 
pected visit. The cook, placing the almost fleshless fowl on the spit 
immediately tried to seize a terrier, which, when introduced into a 
rotatory drum of quite large dimensions, under the mantel-piece, was to 
perform the office of moving the combinations of weights, springs, and 
cogged wheels now found in the humblest kitchen, but then, in the 
center of France, a great rarity. The terrier absolutely refused to per- 
form the duty assigned him ; he would yield neither to blows, threats, 
nor caresses. So much firmness, resolution, and courage attracting my 
attention, I inquired if the poor beast were making his first trial. 
Poor beast 1 some one replied, ill-naturedly and roughly, be does not 
deserve your pity, on my faith ; for such scenes take place every day. 
Etoyou know why tbia fine gentleman refuses to turn the spit t Becanse 
he has decided, lu his bead, that be and his comrade must divide the 
labors of roasting exactly regularly between them. I now remem- 
ber he was the ln.st to turn the spit, and he now concludes thit is not hit 
turn to work. 

" The words, it is not his turn now, seemed to' me to include a world of 
meaning. At my request the stable-boy was sent into the street to 
fetch the second dog. This one showed the most exemplary docility ; 
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the rotatory drum received him, and he would sood have fioished the 
task ir, wishing to complete the experiment, I had not caused him to be 
removed in order to give the refractory dog a new trial. The refractory 
dog, iphose turn ktid now come, obeyed the Brat Bigoal of the cook, entered 
the rastic turn-spit without resistance, aud went to work like a squirrel in 
its cage. 

" Does it not follow from this, my dear Ampere, that dogs can have 
the cousciousness of the just and tlie unjust, leading them to lay out a 
rule for themselves, and to endure corporal punlsbmoat rather than 
allow any violation of itt" 

Am|t6re's features so keenly expressed the interest he took in the 
recital that you might have taucind be was about to exclaim with Lac 
tance, " Except iu matters of religion, tbe brute creation share all the 
advantages of the hnmaa race." However, our associate did not press 
the matter as far as the Christian Cicero. While modifying bia former 
views on instinct, be merely admitted that animated beings, taken in 
the aggregate, exhibit every possible degree of intelligence, from the 
lowest up to that which, to adopt the ex|iression of Voltaire, might in- 
spire with jealoosy the familiars of Jove himself. 

1 shall not leave this eubject without giving another example to ebow, 
in spite of his extreme animation in discussion in the main, how 
tme and tolerant Ampere was, and haw free from the malevolent gias- 
sions that uneonceived ideas and conceit usually bring in their train. 
In some manuscript not*8 of a professor of Lyons, 11, Brcdin, with 
whom Ampere studied the metaphysical doctrine of the absolute, I find 
those exact words : "Very animated dvitmssiona daily arose beticeen us, 
and in them originated that koly and indissoluble friendship tchich hat so 
Jinnli/ united us." 

A writer of romance would fancy he was doing violence to proba- 
bility by placing fiieudsbip among the possible consequences of heated 
discussions. A presumption so unparalleled could only be tolerated in 
the land of fiible. 

MATHEMATICAL LAB0B3 OF AMP£:BE. 

Such a man as Ampfere often puts the self-love of his biographer to a 
severe trial. I was obliged just now to shriok from psychological 
researches whose importance and depth I could not reach; and here 
again I am forced to confess that an intelligible analysis, in common 
language, of the works of our associate on pure mathematics, is beyond 
my powers. Nevertheless, as in these works figure tbe memoirs 
which, after the death of Lagrange in 1813, opened the doors of Uie 
Academy to our frieud, they ougbt to be mentioned, if only by their 
titles. 

The adventurous mind of Ampere was always fond of questions that 
tho fruitless eflbrts of tweuty centuries had pronounced insoluble; he 
was never happier, if I may be allowed the expression, than when 
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nptaniiog the priDciples of science. I must ackuowledge I was oot a 
little Bstonished oot to find him straggling with the qnadratare of the 
<uTcle. This inexplicable hiatus, in the joBtb of onr asBociate, Las jast 
be«n filled. A maauscript note th>m the secretary of the Academy of 
Lyons apprises me that, on the 8th of Jaly, 1788, Ampere, then thir- 
t«en years of age, addressed to that learned body a paper relating to 
^e celebrated problem just mentioned. Later during the same year 
hesobmitted to the examination of liis compatriots an analogoas memoir, 
entitled ^^ The rectification of any arc of a circle less than the aemi-circum- 
/rrence." These memoirs have not reached us. If the tnaouscript not« 
Hent to me can t>e relied upon, young Ampere, not only did not think 
tbe problem insoluble, but flattered himself he had almost solved it. 
Scruples, respected by me without being shared, demanded the sacri- 
fice of this anecdote. It certaiuly would have been a very small sacri- 
fice, bat I did not cousider it consistent with my duty to make it. The 
scieotific weaknesses of men of a very high order of intellect are lessons 
qnit« as Qsefnl and profltablo as their successes, and the biographer has 
no right to cover them with a vail. Is it quite certain, too, that there is 
anything here to excuse or conceal ; that a geometer need blush for 
efforts made in his childhood, or even at a riper age, to square the cir- 
cle geometrically T To sustain, however, such a proposition, we have 
only to recall the fact that antiquity presents to us, as deeply engaged 
io this problem, Anaxagoras, Meton, Hippocrates, Archime<le3, and 
Apollooius; and to these we may add the modern names of Sucllius, 
Iloygens, Gregory, Wallis and Newton; and, finally, that amongst those 
whose sagacity the quadrature of the circle has set at defiance — I mean 
who have been involved by it in palpable errors there are many who 
have, in other respects, rendered geunine service to science ; for example 
J. B. Poria, the inventor of the camera-obscnra; then Gr^goire do 
Saint Vincent, tbe Jesuit, to whom we owe tbe discovery of tbe won- 
derful properties of hyperbolic spaces terminated by asymptotes; Lon- 
gomontaons, the astronomer, &c., &c. 

If your mind is engrossed with the idea that, in order to justify their 
efforts to square the circle, others will cite hereafter, to their advan- 
tage, tbe attempts of a child of thirteen, I reply uohesitatiugly — for my 
academic duties bring me frequently in and personal relations with the 
nqoarers of the circle — that authorities have absolutely no weight in their 
eyes; that tbey have long since entirely separated themselves from every- 
thing tbat bears or has borne the nameof geometer; that Eaclid himself^ 
in his principal theorems — for example, that of the square of the hypothe- 
Reuse — seems to them scarcely wori:hy of trust. If a mania — I was on 
tbe point of saying a faror which manifests itself especially in spring, 
as proved by experience — could ever be amenable to logic, it would be 
necesBary, io order to battle it successfully, to distinguish more carefully 
tban has ever yet been done the various aspects under which the prob- 
lem of tbe quadrature of the circle ought to be considered. An example 
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of core under my own eyes might give mo some coiifideoce id ttiis mode 
of treatment. 

The first, according to date, of all the mathematical memoirs of Am- 
pere, printed after his arnval iu Paris, relates to a qaestioo of elemen- 
tary geometry. This memoir, presented to the Academy of Lyons in 
1801, appeared in the publication of the correspondence of the Polytech- 
nic School in the mootb of July, 180C. A few words will saffice to de- 
scribe the eud Ampk« proposed to himself. 

There is iu elementary geometiy a protwsitiou so evident that it may 
properly be regarded as an axiom. It is this : 

If two lines situated iu the same plane are parallel, or, in other words, 
if, prolonged iudefiuitely, can never meet ; and if a third line, forming an 
angle at any point with the first of the two parallels, bo indefinitely ex- 
tended from the point of intersection, it will cut the second. No one can 
feel adonbtabout this theorem, altbough all the effort a of the most cele- 
brated geometers, the Enclids, the Lagrangcs, the Legendres, &c., to add 
to its natural evidence by way of demoustratioii, properly so-called, have 
been fruitless. 

The geometry of solid bodies, had offered, np to the present time, a 
proposition whose troth was quite as e\'ident, and that, nevertheless, 
bad never been demonstrated. I refer to the equality of volume of sym- 
metrical polyhedrons. Two oblique polyhedrons have the same base 
situated ou a horizontal plane; one is entirely above the plane, the 
other entirely below. Th(.-ir fiii^es arc .similar aud of the same length ; 
moveover, their incliuatious correapoiid exactly to a common base. To 
give the same idea iu diflerent words — one of the two polyhedrons being 
considei*ed as an object, the other would be it^ image reflected on the 
plane of the common base, if that plane were a mirror. 

The object of Ampere's treatise is to demonstrate the cqmiUty of these 
two polyhedrons; aud it can be afOnned that, on this point, iu the sci- 
ence of geometry there is nothing more to desire. 

Iu 1803 M. Ampere addressed to the institute a very lluished work, 
which, however, was not given to the public nntil much later, (180S,) 
entitled " Treatise on the advantages to be derived, in the theory of curvea, 
from due consideration of osculatcry parabolas." We also find a treatise by 
Ampere dated the 26th florial year II which was published iu the first 
volume of the collection of the foreign savants of the Academy of 
Sciences. This is its title " Investigations on the application of the gen- 
eral formulas of the valcultts of varialiont to problems in mechanics." 

The formulas of equilibrium, given by the immortal author of ana- 
lytical mechanics, have a form analogous to that of the equations that 
the calculus of variations furuisbes for the determination of the max- 
ima and minima of integral formulas. Ampere thought that this simili- 
tude of form, previously noticed by Lagrange, would afford bim the 
means of avoiding, in the solution of questions iu statics, the trouble- 
some integration by parts. The analogy is not as com[)lcte as might be 
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thoagbt at first sight. The ordinary formulas require to be cbauged 
ID order to be used in tbe solution of problems of mechanics. Amp^ 
gives these transformations and applies them to the ancient problem of 
tbe cateuary. 

Tbis problem, which consisted in determining the curve formed by an 
iuextensible chain of uniform weigbt when attached to two fixed points, 
is famous under more tbau one name. Oalileo tried, iueffectnally, to 
solve it. His conjecture that tbe curs'e sought might be a parabola, 
was found false, in spite of all the paralogisms accumulated by Fdres 
Pardies, and de Lamis to prove its accni-acy to the singular adver- 
sary who brought to oppose tbem proofs from mechanics. In 1691 
Jaques Bernoulli challenged the scieutific world with the same problem. 
Ooly three geometers had the courage to take up the gauntlet — Leib- 
nitz, Hnygcos, and Jean Bernoulli, who, we may remark in passing, at 
tbis time, evinced tbe first symptoms of his jealousy of his master, bene- 
factor, ami brother; thus demonstrating that the love of fame is capa- 
ble of becoming the most ungovernable, most anjust, and blindest of 
tbe passions. The four illustrious geometers were not content to give 
tbe true differential equation of tbe curve ; they also pointed out the 
cooaeqaeuces deduced fh)m it. Everything now seemed to authorize 
tbe belief that tbe snbjecC was cxbansted ; but tbis was a mistake. The 
treatise of Ampere contains, in fact, new and very remarkable properties 
of the ^atenary and its development. There is uo small merit, gentlemen, 
in discovering hiatuses iu subjects explored by such men as Leibnitz, 
Huggens, and the two Bemoullis. I must not forget to add that the 
analysis of our associate unites elegance with simplicity. Ampere 
gave, moreover, a new demonstration of the celebrated mathematical 
relation known as Taylor's theorem, and calculated the finite espression, 
neglected when the series are arrested at any term whatsoever. 

Called to the chair of mathematics at the polytechnic school, Ampere 
could not tail to seek a demonstration of the principle of virtual veloci- 
tiee, disengaged from the consideration of iufluitesimals. Such is the 
object of a treatise published in 1806, in tbe tbii-teenth number of the 
journal of the school. 

Whilst candidate for the position left vacant by the death of La- 
grange in 1813, Ampere piesented to the academy, first : Qeneral ayii- 
dideratioHS on the intiffratt of equations of partial differences; and 
afterwards, an application of these mnsiderations to the integration of dif- 
ferential equatiom of the first and second order. These two treatises give 
superabundant proof that analysis, in its most difficult form, was per- 
fectly familiar to him. 

Ampere was not inactive after becoming a member of the academy ; 
he busied himself with the application of analysis to the physical 
sciences. Amongst these productions we may cite : 

1. Demonstration of the laws of mariotre, ren<\ at the acitdemy Jan- 
uary 24, 18H. 
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2. I>e»iotutralM»» of a new theory, from which can be deHiteed <Ul ^ 
taws of refraction, ordi nary and extraordinary ; read at the academy 
March 27, 1815. 

3. A memoir on the dctcrmiuation of the curved surfaeai of lumtnotu 
travcsin a medium Khoiie elasticity diffeis in three dimensions ; read at the 
Aci'.demy of Sciences August 26, 1828. 

' AlIPtlEE'S EESEAIICUES IK THE SCIENCE OF ELBCTEO-DYKAMICS. 

' Amongst the norks of our friond there is one which excels all the oth- 
ers; it constitutes, iu itself, a beautiful scieuce, audits name, "Electro- 
djTiamics," will ever he inseparably linked with that of Ami>6re. Instead 
of presenting to your thoagfats twenty different subjects in Buccession, 
permit roe to cooceutrate them for a time on the vast and teeming con- 
ception of our friend, happy if I succeed in diseagagiug it from any 
appearance of obscurity and ambiguity it may have presented up to 
this time, and thus show the elevated rank which will eutitle it, 
with the most beautiful discoveries of the age, to the gratitude of pos- 
terity. While so many of the ancient and modern sciences were making 
rapid aud momentons progress, the science of mngnetism had remained 
almost stationary. Wo have known that, for centuries at least, barsot 
iron, and more especially of steel, freely supported, turn towai-d the 
Dorth. This curious property has given us the two Americas, Austra- 
lia, the numerous archepelagoes, and the hundreds of isolated islauds of 
Oceanica, &c.; it is to it this, in cloudy and foggy weather, the mariner, 
plowingthe mighty oceans, has recourse, to guide and direct his ship; 
no truth in physics has had results so colossal. ^Nevertheless, uutil the 
present time, nothing had been discovered regarding the uaturo of the 
peculiar modification undergone by a bar of neutral steel duriug the 
mysterious — 1 had almost said, cabalistic — operations which transform 
it into a magnet. 

The whole pheuomeua of magnetism, the diminution, the destruction, 
the iuversiou of the polarity of the needle of the compass, occasioned 
sometimes on ships by violent discharges of lightuiug, seemed to estab- 
lish some intimate conuection between magnetism and electricity. Nev- 
ertheless, the labors, oA hoc, undertaken at the request of several acad- 
emies in order to develop and strengthen this analogy, led to so few 
decisive results that we read, in a programme by Ami)^re himself, printed 
in 1802 : 

"The professor will demonstrate that the electrical and magnetic phe- 
nomena are owing to (iro d(^e)-c»( /ui'rfs, which act independently of 
each other." 

Sciences had resiched this iwiut when, in 1819, the Danish physicist, 
CErsted, announced to the learned world a fact, wonderful in itself, but 
more so especially from the consequences deduced from it ; a fact the 
memory of which will be transmitted from age to age, as long as science is 
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boDored amougst iiieu. I will try to give a clear »nd exact idea of this 
most important discovery. 

The voltaic pile U terminated at its extremities, or, if jon prefer as 
an expression more snitable, at its two poles by two dissimilar metals. 
Let ns suppose, for example, tlie elements of this wonderful apparatus 
to be copper and zinc ; if the copper is at one of the poles the zinc 
will inevitably be at the other. The battery, with the exception of some 
slight traces of tension, is, or at least seems to be, completely inert as long 
as the extreme poles are not put into communication by means of a sub- 
stance conductive of electricity. A metallic wire is generally used to 
connect the two poles of the batter>', or, which amounts to the same 
thing, to pnt the app amtus in action. This wire is then called the con- 
junctive icire. 

A current of electricity passes along the whole length of the con- 
dnctor, and circulates unintemiptedlti through the closed circuit, result- 
ing from the union of the wire and the battery. If the battery is very 
[jowerfal, the current will be equally so. 

Physicists had for a long time known how to impart to an inaulnted 
metallic wire a large quantity of electricity in repose, or electricity of ten- 
sion, as it is called in treatises on physics ; they also know how to trans- 
mit electricity along wires not iusulated in very targe quantities ; but in 
this case the passage was sudden and instantaneous. The tlrst means 
of combining intensity with duration in currents of electricity is fur- 
nished by the galvanic battery, with which a discharge, more {wwerful 
than could be produced by thelargest ancient machines for the millionth 
part of a second, is here given for hours together. Does the con- 
j-jnctive wire, the wire along which a quantity of electricity jMwsee un- 
interruptedly, acquire, in conse<iuence of this movement, any new prop- 
erties t To thisqnestion the experiment of Qi^rsted replies affirmatively 
io the most striking manner. 

Let us place a wire of a certain length, of copper, silver, platiua, or 
any other metal without appreciable magnetic action, above a horizontal 
compass, and parallel io its needle. The presence of the wire will have 
no effect. Make no change in the first arrangement, but join, either 
directly or by intermediary long or short wires, the two extremities of 
the parallel wire to the two poles of a voltaic pile ; or in this way let 
ns transform the insulated wire into a conjunctive wire, along which a 
permanent cnrrent of electricity passes, and at that very instant the 
needle of the compass wilt change its direction ; if the battery be feeble 
the deviation will be inconsiderable ; but if the battery be very strong, 
Tiotwithstonding the action of the earth, the magnetic needle will form 
an angle of nearly 00° with its natural position. 

1 have supposed the conducting wire above the magnetic needle, 
placed below the phenomenon would be the same with regard to quantity, 
qnt exactly opposite as to the direction of the deviation. The conjunc- 
tive wire above would impel the north pole of the needle toward the 
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vest; the deviatiou would be toirard the east wheu, the couditioDs 
being the same, the \Tire i8 below. It is necessary Ut remark here that 
the wire prCBervea absolntely none of that deviating power the moment 
it ceases to be a cooauctlDg wire, or to Join the two poles of the battery. 
It would iudicate a total want of scieatilie perc«ptioD not to understand 
how extraordinary and important are the results I have just announced; 
not to ot>8erve with surprise an imponderable fluid imparting for the 
moment to the slender wire along which it passes, properties so powerful. 

These properties, studied in their specific characters, are not lew 
wonderful. 

Even a child knows it would be useless to try to turn a horizontal 
lever around a pivot on which its center rests by pushiug or pulling it 
lengthways — I mean, following the line leading to the center of rota, 
tion. The force must necessarily be transverse. The perpendicular to 
the length of the lever is, no matter in what direction, that which 
requires the least foi-ce to create a given movement. The experiment 
of M. Qii-sted is directly opposed so these elementary rules of mechanics. 

Please then to remember, when the forces developed by the passage 
of the electrical current in each point of the conducting wire are found 
to correspond vertically with the axis of the needle itself, either above 
or below, the deviation is at its maximum. The needle remains at rest, 
on the contrarj", when the wire is presented to it in a dtret^tion nearly 
perpendicular. 

Such is the strangeness of these fiiets that, in onler to explain theoi, 
various physicists have had recourse to a continued fiow of electrical 
matter circulating round the conducting wire at right angles to it, and 
producing the deviations of the needle by way of impulse. This was 
nothing less, on a small scale, than the famous vortices contrived by 
Descartes to account for the general movement of the planets around 
the sun. Thus a pbysica) theory which had been abandoned for more 
than two centuries was recalled by the discovery of CErsted. 

We have already mentioned the impoitaut remark of the celebrated 
Danish physicist, that the deviations of the needle of a horizoutal 
compass approach nearer and nearer 90 degrees in praportion to the 
increase of the power of the battery during the connection of the two 
poles by the wire. Feeble batteries, on the contrary, pi-oduce only 
scarcely sensible movements. What is the part played by that myste- 
rious power, seeming to reside in the arctic regions of the globe, to at- 
tract magnetic bodies in a certain way, and repel othei"*; ! Whst part 
docs it perform in lessening the deviations when the battery has litth^ 
power f 

Ampere perceived the importance of this question at Uie verj' tirst 
glance ; ho saw it was not a mere nice and subtle rettneraent without 
bearing; ho understood that the solution of the problem would stamp 
with characteristic features the forces brought into play by the experi- 
ment of CErsced; but how get rid of the attraction of the earth; how 
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eUminate it ; bow intercept it t I see some smite at my questiou, aud 
bear them exclaim, J>o doc martuers cover witb pieces of caDvas or pea- 
jackets the irof) caunoD in tlie Dcigbborhood of the compass, whea- 
ever tbey wish to obtain exactness in their beariugsf Screens, tben, 
oogbt eSectnally to furnish the means of protecting the needle from 
terrestrial magnetism. As to that, a glass sphere, inclosing the corn- 
puss, would answer. 

A single word will dispel this illasion. Xo substance, thick or 
tbin, has yet been discovered throngb which magnetic action, like that 
of gravity, does not exert its full force, witboat any abatement Ihe 
castom of covering cannon, balls, and anchors, witb sails, tarred or un- 
tarred, or with anything else, to prevent their action on the compass, 
belongs to tfae thousand and one usages recorded in treatises on naviga- 
tioD before science bod diffused its light around it. Even when ex- 
posed, snch usages diffuse and perpetuate themselves, and are the blind 
powers which govern the world. Tbe researches of Ampere did not abso 
ntely require (which, in fact, would have been an impossibility) that his 
apparatus should be completely free from tbe attraction of the earth ; it 
was sutBcient that this attraction should not counteract the movement 
uf tbe needle; and this simple reflection became the ray of light that 
guided tfae illustrious physicist, and gave rise to a kind of compass 
never before thought of. 

To nnderstand the invention of Ampere by which a magnetic needle 
could be so arranged as to be liee to obey tbe action of a galvaoic cur-, 
rent, and undisturbed by the magnetism of tbe earth, suppose an ordi- 
tuu7 dipping-needle apparatus so placed that its graduated circle shall 
be perpendicular to tbe magnetic meridian of the place, aud then so 
iuclioed to the horizon that tbe graduated circle and the needle within 
it shall be at right angles to the direction of tbe magnetic dip of the 
place where tbe experiment is made. In this condition the magnetism 
of tbe earth will act perpe ndicniar to the direction of the needle and be 
opposed by tfae pivot on which tbe lower iwiut of tbe axis rests. It will 
tberefore be fjree to take any position in tbe plane of tbe divided circle 
which an extraneous force may give it. Ampere was therefore quite 
right in calling his new instrument an agtaitc compass. 

Ampere's astatic needle, placed before a conducting wire, takes a 
direction exactly perpendicular to that wire, neither one second more nor 
less ; and, a very remarkable circumstance, a very feeble electricity pro- 
duces as much effect as a current of sufflcieut intensity to reduce metals 
to a state of incandescence. Here, then, is one of those simple laws that 
wience loves to record, and the mind receives with confidence, and be- 
fore which false theories will inevitably disappear. 

The discovery of CErsted reached Paris through Switzerland. At our 
weekly meeting on Monday, September 11, 1820, a member of tbe 
academy from Geneva repeated before yon the experiment of the Dan- 
ish savant. Seven days later, ou the 18tb of Septembar, Anipei'e pre- 
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sented to you a tnucli more geDeral fact than tfaat of the physicist of 
Copenhageu. 

lu tliat short interval of time be bad coDJectured that two coDnecting 
wires, two wires traversed by electrical "corrents, would act on each 
other ; he bad devised extremely ingeuious arrangements to make these 
wires movable without the necessity of detaching the extremities of 
each &om the respective poles of tbeir batteries. He had embodied 
these conceptiona in instruments capable of acting ; he had, in fact, 
reduced his wonderful idea to a decisive experiment. I do not know 
whether the vast tleld of physics ever exhibited so beautiful a dis- 
covery coDceived and consummated with so much rapidity. 

This brilliant discovery of Ampere may besnmmedupin these words: 
Two parallel connecting wires attract each other when the electricity' 
traverses tbem in the same direction ; on the contrary, tbey rei>el each 
other when tbe electric currents move in opposite directions. 

The connecting wires of two batteries similarly placed, of two bat- 
teries whose copper and zinc poles respectively correspond always, 
then attract each other. There is in the same way always repulsion be- 
tween the connecting wires of two batteries when tbe zinc pole of one 
is opposite the copper pole of tbe other. 

It is not a necessary condition of these singular attractions and re- 
pulsions that the wires in operation should belong to two different bat- 
teries. By bending and rebending a single connecting wire sncb an 
arrangement may be made that two of its portions, opposite to each 
other, may be traversed by the electrical current either in tbe same or 
in opposite directions. The phenomena, then, are absolutely identical 
with those which result from currents proceeding from two distinct 
sources. 

The phenomena of (Brsted, from their origin, bad been called, very 
appropriately, electromagnetic. To those of Ami>ere, in which tbe 
magnet plays no distinct part, tbe more general name of electro-dyna- 
micH has been applied. 

The experiments of the French savant did not escape at first those 
criticisms which envy reserves for all things possessing novelty, im- 
portance, and a future. Men were unwilling to see in the attractions 
and repulsions of these currents anything more than a hardly appre- 
ciable modification of the ordinary electrical attractions and repulsions 
known since the time of Dufay. On tiiis point the replies of our friend 
were prompt and decisive. 

Bodies similarly electrified repel each other ; similar currents attract 
each other. Bodies in an opposite condition of electricity attract each 
other; aniike currents repel each other. 

Two boilies similarly electrified repel each other from the moment of 
contact ; two wires traversed by similar currents remain together like 
two magnets, if brought into contact. 

No subterfuge in the world could resist this close argumentation. 
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Another clasa of critics embsirmeaed our asinouiatQ more serioasly. 
These last acted apparently iu a charitable spirit. To believe tbem, tbey 
iDToked with all their hearts, but withont hope, the BOlutiou of » great 
difficulty ; it pained them deeply, they Baid, to see the glory with which 
these new discoveries would have emrouDded the name of Amiij;ro 
vanish so rapidly. This is somewhat the manner in which the iusur- 
inoQDtable difficnity was formulated. Two bodies which separately 
have the property of acting od a third cannot fail to act on each otlier. 
The counectiog wires, according to the discovery of CBr8te<l, act upon 
the magnetic needle, theu two connecting wires ought to influence each 
other reciprocally; bence, tbe movements of attraction and repulsion, 
wheo brought together, are deductions, necessary consequpuces, of tbe 
experiment of the Baoish physicist ; bence, it would be wrong to rank 
tbe observations of Ampere among the primordial focta which open to 
science entirely new paths. 

Action and reaction are equal. There was in tbe phraseology just 
cited a false lur of that incontestible principle of mechanics which misled 
many minds. Ampere replied by challenging his adversaries to deduce 
with any degieeof plausibility the resnltaotdirection (l0WtM)of themo- 
taalactiouoftwoelectricalcnrrents; although he made the demand with 
mnch spirit, do one acknowledged himself defeated. 

The infallible means of reducing this violent opposition to silence, of 
sapping its objections to their foundation, was to cite an example where 
two bodies which would act separately on a third wotdd, nevertholess. 
Dot act OQ each other. A frieud of Ampere remarked, that magnetism 
exhibited a pbenomenon of this kind. He said to the benevolent an- 
tagonist of the great geometer: " Here ue two keys of soft; iron ; each of 
them attracts this compass ; if you cannot show that, placed near each 
tlier, these keys attract and repel each other, the point of departure of 
all your objections is Mse." 

From that moment the objections were abandoned and the reciprocal 
actions of electrical currents took definitely tbe place belonging to tbem 
anong the most beautiful discoveries of modem physics. 

Once disembarrassed of the charges of originality and priority, always 
more painful wheo implied than when openly made, Ampere sought with 
zeal a clear, vigorous, and mathematical theory, which would embrace, 
under a common head, not only all (he phenomena of ordinary maguetism, 
bat also those of electro-dynamic phenomena. The investigation bristled 
with all kinds of difficulties. Ampere overcame them with methods on 
whiiib the genius of iuveutioo shone at every step. These methwls will 
remain as one of the most precious models in tbe artof invet^tigating 
aatore ; of seizing in the midst of the complex forms of phenomena th« 
simple laws which govern tbem. 

Dazzled by the iulat, grandeur, and fertility of the law of uuiversa! 
kttiaction — that immortal discovery of Newton — persouslittle convevsiuil 
vith mathematics imagine that, iu order to introduce the planetary 
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movements iQto the domain of analysis, it would bo necessiiry to *rar- 
monnt obstacles a thousand times greater than those met by the modem 
geometer, when he wishes, with the assistance of mathematics, to follow 
in all their ramiticatious the various phenomena discovered niid Htudie<l 
by physicists. However general thia opinion may he, it is not the leiw 
an error. The smallDCSS of the planets, when compared to the sun ; the 
immensity of the distances ; the almost spherical form of the celestial 
bodies; the absence of all matter capable of offering any sensible resist- 
ance in the vast regions where the elliptical orbits are de8cril)ed, are so 
many circumstances extremely simplit^ing tbo problem, and bnnging 
it within the abstractions of rational mechanics. If, iustead of the 
movements of the planets — I mean of distant bodies capable of being 
considered reduced to simple points — the only guide had been the 
phenomena of attraction of irregular polyhedrons, acting on each other 
at short distances, the laws of universal gravity would remain yet to be 
discovered. 

These words will suffice to give an idea of the real obstacles which 
render the progress of mathematical physics so slow. Xo one need, 
therefore, be surprised to learn that the propagation of sound, or of 
luminous vibrations j that the movement of the light waves ruffling 
the surface of liquids; that the atmospheric currents caused by irregu- 
larities of pressure and temperature, etc, are much more difficult to 
calculate than the majestic course of Jupiter, Saturn, or Uranus. 

The phenomena of terrestrial physics Amp^ proposed' to unravel 
were certainly among the most complex. The attractions and repal. 
sions observed between conducting wires resulted from the attraction 
and repulsion of all their parts. Now, to pass from the whole to the 
determination of the numerous and different elements which compose 
it, or in other words to the investigation into the manner in which the 
mutual actions of two infinitely small parts of two currents vary, when 
their relative dLstances and inclinations are changing, offered unwonted 
difficulties. 

All these difficiUtics have been overcome. The four conditions of 
equilibrium, which have rendered so much assistance to the autlior in 
developing phenomena, will be called the laws of Ampere, as the three 
great conseqaences, deduced by that celebrated genius trom the ot>ser- 
vations of Tycho, are called the laws of Kepler. 

The oscillations, turned to so great profit by Coulomb in the measare- 
ment of small magnetic or electrical forces, imperatively exact that the 
bodies for experiment should be suspended by a single film without tor- 
sion. The condnctiug wire cannot be placed in such a position, as it 
would be in danger of losing its virtue unless in permanent communi- 
cation with the two poles of the battery. 

Oscillations give very exact measurement, but coupled with tbo 
express condition of being numerous. Tbe conducting wires of Ami>dre 
never fait to be at rest after a very small number of oscillations. 
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The problem appeared troly insolnble, wheu onr attsociate perceived 
he could reacli bis object by observing dlfTerent conditions of equilib- 
rinm between condiictitig wires of certain forms placed one before the 
other. The cboice of these forms was the essential iioint; anditisliere 
tbe genins of Ampere displayed itself in the most marked manner. 

He first enveloped witb silk two equal portions of tbe same condnct- 
ing wire ; he bent this wire so that its two covered portions shoald be 
in juxtaposition, and traversed from opjiosite sides by a current from 
the same battery ; be was satisfied tben that this system of two equal, 
but opposite cnrrents exercised no power over the delicately sns- 
peoded conducting wire, and tbus proved that tbe attractive force of a 
given electrical current is perfectly equal to the force of repulsion it 
exercised when the direction of its conrse is mathematically inverted. 

Ampere then suspended a very moveable conducting wire, exactly 
between two fixed conducting wires, which being traversed from the 
»ame side by one and the same current ought to repel the intermediate 
wire ; one of these fixed wires is straight, tbe other bent and twisted, 
presenting a hundred small sinuosities. Tbe commuoication necessary 
to give play to tbe currents being established, tbe moveable intermediate 
wire will stop exactly between the two fixed wires, and if moved from 
its position will return itself to tbe same place. From this it follows that 
if a straight connecting wire and a sinuous connecting wire, Ihongh 
their unfolded lengths may be verj- different, exercise powers exactly 
eqnal if they have extremities common to both. 

In a third experiment Am[>ere established undeniably that no closed 
current whatever could cause a circular portion of connecting wire to 
turn round ao axis perpendicular to that one arc passing through its 
center. 

The fourth and last fundamental experiment of our associate is an 
instance of equilibrium, involving three suspended circular circuits 
whose centers are in a straight line, and whose radii are in a continuous 
geometrical proportion. 

Onr associate made use of those four laws to settle what be had al- 
lowed to remain arbitrary in his analytical formula, conceived in tbe 
most general terms imaginable to explain the mutual action of two in- 
finitely small elements of two electrical currents. 

A skillfal comparison of the general formula witb the observation of 
the four cases of equilibrium shows that the reciprocal action of the 
elements of two currents is exercised in tbe direction of the line uniting 
'.heir centers; that it depeuds on the mutual inclination of these ele- 
ments, and that it varies in intensity in the inverse pro^wrtion of tbe 
squares of the distances. 

Thanks to the profound roscaiches of Ampere, the law, which governs 
celestial movements, the law, extended by Coulomb to tbe phenomena 
of electricity at rest or in tension, and then though witb less certainty, 
to magnetic phenomena, becomes one of the characteristic features of 
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the powers exercised by electricity iu ojotiuu. The geuenil fornmla, 
vbicb gives the value of the mutual actions of the iaflaitely amall ele- 
ments of currents, once understood, the determination of the combioed 
actions of limited cnrreots of different forms becomes a simple problem 
of integral analysis. Ampere did not fail to follow out these applica- 
tions of his discoveries. He first tried to discover how arectilinear 
carreut acts on a cystem of circular closed currents, contained in planer 
perpendicnlar to the rectilinear current. The result of the calculation, 
ooofirmed by experiment was, that the planes of the circalar currents, 
would, supposing them movable, arrange themselves parallel to the rec- 
tilinear current. If like transversal currents pass over the whole length 
of a magnetic needle, the cross direction which, in the experiment of 
CBrsted, completed by Ami>6re, seemed an inexplicable anomaly, wonid 
become a natural and necessary fact. Is it not evident, then, to all how 
memorable would that discovery be tbat would rigorously establish the 
fact tbat to magnetize a needle is to excite, to pnt in motion aroand 
eacb molecule of the steel, a small, circular, electrical vortest Ampere 
fiilly realized the wide reach of the ingenious generalization that had 
taken possession of his mind; and he hastened to submit it to experi- 
mental proofs and numerical verifications, which, in our day, are the 
only processes considered entirely demonstrative. 

It seemed very difiScult to create an assemblage of closed circular 
currents capable of great mobility. Ampere confined himself to an 
imitation of this composition and form, by causing a single electrical 
current to circulate through a wire enveloped in silk, aud coiled like a 
helix in very compact spires. The resemblance between the effects of 
this apparatus and those of a magnet was very striking, and encouraged 
the illustrious academician to devote himself to a difficult and miuat« 
calculation of the actions of closed circuits perfectly circular. 

Starting from the hypothesis that like currents exist aronnd the par- 
ticles of magnetic bodies. Ampere, recognized, in elementary actions, 
the laws of Coulomb. These laws treated with the most consummate 
skill by an illustrious geometer have explained all the known facts of 
tbe science of magnetism ; the hypothesis of Ampere represents tbeoi 
with equal accuracy. 

The same hypothesis, finally applied to the investigation of tbe actios 
which a rectilinear connecting wire esercises over a magnetic needle, 
leads analytically to tbe law that M. Biot has deduced from extremely 
nice experiments. 

If, with tbe almost entire body of ancient physicists, it is thought ad- 
visable to consider steel as composed of solid molecules, in each of 
which exist two fluids of opposite properties, fluids combined, and neu- 
tralizing each other when tbe metal is not magnetic, fluids more or less 
separated when tbe steel is more or less magnetized, the tbtory will 
cover all that is known at present, even in the most subtle nu.-<iericat 
particularities of ordinary 'magnetism. This theory is silent, h^i^nver. 
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with reference to the actiou of a maguet on a connecting wire, and still 
more silent, were it possible, as to the actiou that two of those wires ex- 
erfiae upon each other. 

If, ou the contrary, we take, with Ampere, the action of two cnr- 
rents for the primordial fiu!^ the three classes of phenomena will depend 
OQ one principle, one single claase. The ingenious conception of our 
associato possesses thns two of the most salient characteristics of a 
true laws of nature, simplicity and fertility. 

In all the magnetic experiments attempted before the discovery of 
CBrsted the earth had acted like a large loadston e. It was to be presumed, 
then, like a magnet, it would act on electrical currents. Experiments, 
however, had not Justified the conjecture. Galling to bis aid the electro- 
dynamic theory and the talent for iuveuting apparatus, so brilliantly 
displayed by him, Amji^re bad the honor of filling the inexplicable 
hiatus. 

For several weeks native and foteign physicists crowded the bumble 
study iu the street Foss^e-Saiut-Yictor to wituesa with amazement a con- 
necting wi^ of platina take a definite direction through the action of 
the terrestrial globe. 

What would Newton, Halley, Dufay, Mpinxa, Franklin, and Cou- 
lomb have said if it had been aunounced to them that a day would 
come when, in default of a magnetic needle, navigators would ho able 
to guide their vess-ls by observing electrical currents, etectrifleil wires t 

The action of the earth on a couductiug wire is identical in all the cir- 
cnmataaces presented by it, with that which would proceed from an as- 
semblage of currents, having its seat iu the depths of the earth, south 
of Europe, aud whose movements would be like the diurnal revolutions 
uf the globe fhim west to east. Let it not be said, then, that, the laws 
of magnetic action being the same in the two theories, it is a matter of 
indifference which to adopt. 

Suppose the theory of Ampftre true, and the earth, as a whole, inev- 
it»biy a vast voltaic pile, creating currents moving iu the direction of 
the diorual revolution ; aud the memoir in which is found this maguiS- 
oent result will take rank, without disadvantage, with the immortal 
works which have made of our globe a simple planet, an ellipsoid fiat 
tened ac the poles, a body formerly incandescent in all its parts ; incan- 
descent still down in its depths, but retaining on its surface no appre- 
ciable trace of this original heat. 

It has been asserted that the beautiful conceptions of Ampdre, of 
which I have just given a detailed analysis, were coldly received ; it has 
been said that the French geometers and physicists showed themselves 
little inclined either to recognize or study them ; that the academy, with 
the exception of one single member, swayed by ite pr^ndices, refused 
Utr a long time to yield itself to unexceptionable proof. 

These charges readied the pubUc through an eloquent and eraiuently 
honorable organ. I cannot, therefore, pass them by without notice. 

10 8 , 
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The experitneuts of Ampere, from tbeir first appearauce, were the ob- 
ject of the severe criticism jaet cited, anO, soon after, of uuivereal ad- 
miratiou. The oal; competent and capable judges of intricate and 
scieutiflo calculations of nice theoretical deductions of whose almost 
boundless range I have just tried to give yon an idea, were of necessity 
geometers. Now is it just to say the French geometers found fault with 
our distinguished associate, wheu, a short time before the discover>~ of 
electro dynamics, M. Savary was found completing a verj- im|M>rtant 
poiut of that theory ; when M. Lionville was trying to simplify its bases 
and render tbem more rigorous; when, in the/ compilation of the most 
difficult parts of his grand memoir Ampere found in M. Dubamel au 
earnest collaborator 1 

Is it true that Ampere's formula displayed no features likely to 
occasion astonishment amongst geometers 1 Would not the curiosity of 
those most famiUar with Newtonian theories be awakened by observing 
the iutroduction of general expressions of the mutual action of these 
elements, trigonometrical quantities relative to the respective iucliua- 
tions of the infinitisiuial elements of the electrical currents f Was not 
some hesitation natural when new theories seemed to depart so com- 
pletely flxim beaten paths T There was nothing extraordinary, excep- 
tional, nor extravagant on the part of the savants who experienced this 
hesitation. A few years before the transversal waves of light of Fresnei 
bud created the same doubts, the same uncertainty, and in the minds of 
tiie same individuals, although they seemed a still more evident conse- 
quence, a more direct and immediate translation and one easier to veri^, 
of the facts of interference exhibited by polarized rays. 

Let us not complain in general terms of the worship rendered usually 
by men to the ideas under whose influence their minds have been devel- 
oped. In such cases it is just, natural, and proper to make no change 
of views without a thorough investigation. From a scientific point of 
view, the criticisms and difficulties, so frequently overwhelming innova- 
tors, are substantially useful. They arouse the idle to triumph over 
indolence; even jealousy, with its cniel and hideous acuteness, becomes 
an incentive to progress. It can be relied upon to discover gaps, blem- 
ishes, and imperfections that even the most careful author allows un- 
avoidably to escape him. The control it exercises over him who dis- 
dains not to profit by it, is worth ten-fold that of the tiest Aiend. It 
commands uo gratitude either, for its services are iovolnotarily rendered ; 
aud on tbe other hand it would be a weakoessto sympathize too warmly 
with tbe vexations it causes in men of genius; for fame and peace of 
mind rarely bear each other company. He who is ambitious of high 
place in the world of matter or of ideas, must expect to find as adver- 
saries those already occupying the highest places. Small minds aim at 
trivial objects, and alone are privileged to reach, at will, insignificant 
points, whose possession do one dreams of di:.,iutiDg with them. 
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AJCPteBB TAKES PABT IN i. OELEBBATBD DISCUSSION BETWEEN GEOBGE 
OUVIEE, AND GEOPFEOT 8AINT-HILAIBE ON THE UNITY OP STEUC- 
TUBE IN OEGANIZBD BEDIOS. 

This diHcnssioD rested oo some very nice considerations. If it were 
desired, for instance, to trace the resemblaDce between the arrange- 
meuts of the viscera of a .cephalopodic molloBk and those of man, it 
wouht be necessary to fancy the latter, bent backwards from the line of 
tlie navel, so that the pelvis and lower limbs should be joined to the 
Dape of the ueuk ; it would be necessary, moreover, to imagine man 
walking on his head. Other comparisons required that one of the two 
animals sliould be reversed like a glore; that the bony stracture should 
pass from within to witboat, that the enveloped should become the en- 
velope, etc., etc. The members of the mathematical department of the 
college could take no part in this subtle debate ; they were satisfied to 
be attentive listeners. Ampere alone threw himself headlong into^be 
arena. But it was found that the views so warmly opposed by Cuvier, 
and BO decidedly sustained by our honorable colleague, GeofTroy Saint- 
Hitaire, were those entertained by Ampere in 1803. 

Cuvier, the. learned secretary of the academy, when concluding his 
coarse on the history of the sciences of the nineteenth century, was 
naturally led to allude to the German school known under the name of 
Pkiloaopkeri of Nature. 

The principles of the philosophers of nature, at least those referring 
to tbe unity of structure in animals, appearing to him eixoneons, be 
undertook to oppose them. Ampere was one of the auditors of our illus- 
trious colleague. If, as at the Normal Convential School, the students 
bad the right to challenge the professors, each lectare of Cuvier*a course 
woald assuredly have ended in an animated and instructive debate ; 
but the regulations imperiously forbade such an innovation. Ampere 
waa not the man to be discouraged by difficulties. Custom denying 
him permission to speak in the arena where Cuvier was unfolding his 
views, openly without leaving tbe precincts of the college founded by 
Francis the First, if not on the same day, at least during the same week, 
when delivering his course oaMatk^ioloffie, Ampfere broadly announced 
himself, with reference to tbe chief point of philosophic zoology, the 
declared adversary of the first naturalist of Europe. In each of his lec- 
tures be gave a minute and detailed criticism of the preceding lecture 
of Cuvier, Butin return, Cuvierregularlynsedananalysisof Ampijre's 
argument, made by his brother Frederic, who attended the course on 
Matkitiotogie, as the text for each succeeding one of those lectures, 
whose glorious memory will long be preserved by tbe College of France, 
and in which shone in the same high degree, his talent for explaining, 
his knowledge of facts in detail, and must it be avowed, his art of ren- 
dering sarcasm cutting without overstepping the limits of a well-bred 
critic. Kach week Ampere would seem felled by the blows of the new 
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Hercoles, and each saoceeding week, like Anteos in the fable, he vonld 
be foaod prepared to sostaio a new coDtest, not, however, without 
having*changed ground, tboogh veiy slightly and sltiUfnlly betweui the 
saccessive assaults. 

In order to assume that Ampere considered this contest an ostenta- 
tious tourney without consequences, it would be necessary to admit, 
contrary to all reason and probability, that volontarily closing bis eyes, 
he did not perceive that even bltioted weapons in Oavier's bauds could 
inflict painful wounds. We will hasten to announce that Ampere was 
fully conscious of how formidable was bis adversary ; and if in spit« of 
this, he continued bis course, it was to fnlfill what he considered a cod- 
scientious duty. In July, 1824, our associate sent to the press, but with- 
out giving bis name to the publication, a theory of the organization of 
articulated animals. In this work, after making himself master of a 
single type, he followed it up amidst a thousand disguises, through the 
multitude of species of which the animal kingdom is composed. He 
sought, for example, bow the ftagile butterdy could be traced to the 
clumsy toad, the toad to the colossal wbale. The criticisms of Cuvier 
were then addressd as well to Ampere as to the philosophers of natare 
or Geoffivy Saint Hilaire; and our friend decided to sacrifice all personal 
feelings to tbs interests of science and surrender the privileges of anonym- 
ity. HelUllfilledtbisobligation without bitterness, but with firmness; be 
utterly disregarded the many annoyances incident to the position forced 
upon him by circumstauces, and allowed nothing to turn him from bis 
purpose, not even what Frenchmen dread the most, ridicule. 

1 still remember a dialogue that took place on one occasion, in my 
presence, between M. Ampere and an academician, who was the declared 
adversary of the unity of structure, and whose witty sallies were not 
only dreaded by his antagonists bat often by bis friends also. I will 
reiate the beginning : 

"Well, M. Ampere, do you bold, from an anatomical point of view, 
that Master Crow perched on a tree, did not differ from the crafty, cun- 
ning animal who carried oft' bis cheese ; and do you believe that 

' The beion with the long beak set npon the long neck, ' 
is but a simple modification of tbe gossip carp he so foolishly disdained 
to eat for his dinner I And again, do you thiuk the fabler was guilty of 
a heresy in uatnral history when be said : 

' A ntt lo prove be was no elephant, 

Came out of his cage in leaa than an iuatantT'" 

"Yes, sir; yes," said Ampfere, "I admit as facts all you have just 
enumerated as impossibilities. . Further details ou tbe subject would be 
superfluous. After the most consci^itious study, I shall remain firm to 
a principle, apparently singular, bat which time will establish ; to the 
principle that man is formed after a modri foand in all the animal cre- 
ation, without one single exception." 

"Wonderful, M. Ampere, your tiieory has one rare and incontestable 
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merit ; it is clear and categorical. Je tous atteods d, Peecargot," (I sfaall 
wait to see yoa a modified snail.) 

Ampere entered, for a few moments very good natoredly into the 
gaiety provoked in all present by this sally ; but he soon began to treat 
Beriously the langbable qaestion just proposed to him; tiis manner of 
handling it showed the most proi'ound research, and the most compre- 
bensive knowledge of anatomy and natural history, and where the 
first step seemed to lead to absurdities, he pointed out resemblances 
and analogies so ingenious that we were surprised to find ourselves not 
regretting that the term of comparison ofiered to Amp6re had been se- 
lected so fiiT down in the scale of animal life. 

ESSAT OS THE CLA8SIFICATIOH OP THE SCIBNOES, 

The literary life of Amp6re began by the study of the Encyclopedia of 
the Eighteenth Century, and was closed by the compilation of a plan for 
a new encyclopedia. The most essential feature of this vast scheme 
was a elaBsificatiou of all human knowledge. 

Moli&re formerly, through the medium of one of the characters of his 
immortal comedies, asked whether it were more correct to speak of the 
figure or the shape of a hat; which was equivalent to asking whether 
hats should be classed as to shapes or figures. 

The abase of classification could not possibly be described at the same 
time more profoundly and more ludicrously. To go back to the time of 
Molidre, or even to the early pari; of the eighteenth oentory, yon will see 
the great poet was not attacking a vain phantom, and you will be struck 
with the strangest association of ideas ; you wilt find the classifiers 
yielding to the most truly absurd analyses and comparisons; for ex- 
ample, in the Society of Arts, created by a prince of Uie blood, Comte 
de Clermont, a society embracing the sciences, Iwlles-lettres, and the 
mechanical arts, the historian is classed, in all seriousness, with the em- 
broiderer, the poet with the dyer, etc., ete. 

In all things abuse is not use. Let us see, then, whether Amp^ 
paused at the use, in the work, still only partly published, which he 
composed at the close of his life, and entitled, JEtsay on the PhiloBophy 
of the Seieneai ; or Analytical Exposition of a Natural CUusifieation of 
all Suman Knowledge. 

Ampere proposed to undertake the vast and celebrated problem whose 
Bolntiou had already been attempted by Aristotle, Plato, Bacon, Leib- 
nitz, Locke, IVAlembert, &c. 

The unsuccessful efforts of so many men of genius are a convincing 
proof of the difficulty of the question ; do they also completely prove 
its utility T 

Aristotle claimed that all subjects could be included ia ten categories. 
If I should recall Che number of times they have been rearranged, the 
reply would very reasonably be, these were the necessary and foreseen 
coosegaeoces of the progress of the human mind. I should then, un- 
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doubtedly, propose a still more embarrasBing question, by asking, of 
what use have the categories been T 

It has already been shown what Moli&re thought of them. Here is 
the opiuion of the celebrated antbor of the Logic of Port Eoyal : "The 
study of the categories cannot but be cUingeroug, as it accustoms men 
to be satisfied with words, and to believe they know everything, wheu 
they are only acquainted with arbitrary nameti." 

To this extravagant criticism, if it had fallen under his eyes, Am- 
pere would have replied: That a natural classification of the sciences 
would be the model on which the seciioDS of an institute claiming tf 
represent the universality of human knowledge, should be scrupulously 
formed: That a natnral classification of the sciences would indicate 
the proper omissions in the subjects of a well-arranged methodical 
encyclopedia. That a natural classiBcation would control a rational 
distribution of the books in large libraries, a matter of so much im- 
portance that Liebnitz devoted to it much thought and labor : That a 
natural classification of the sciences would create a desirable revolution 
in the art of teaching. 

All this JB jnst and tme. But, unfortunately, the principles which 
a priori seemed to lead to natural classifications, have assimilated, 
grouped, and united the most incongruous subjects. 

If you take the encyclopedical tree of Bacon and D'Aiembert, which 
is founded on the hypothesis, against which no objections have ever 
been raised, that the humau mind can be reduced to three faculties — 
memory, reason, aud imagination, — you will be led in the large division 
of knowledge depending on memory to classify the history of minerals 
and vegetables with civil history; and in sciences belonging to the do- 
main of reason metaphysics will be associated with astronomy, ethics, 
and chemistry. 

Follow Locke, or rather Plato, and theology and optica will be found 
side by sida Divide, as the schools of Rome do now, all knowledge 
into three kingdoms, the sciences of authority, of reason, and of obser- 
vation, and anomalies almost laughable will arise at every step. 

These serious defects are uot found in the classifications of Ampere. 
All aoalogons subjects are classed together ; all that differ are separated. 
The author does not create at the will of his imagination pretended fun- 
damental faculties for the basis of a system without solidity. His two 
chief points, his two fcintjdowis, are the study of the \tOTld.—fosmology ; 
and the study of tlie mind — ontoU>gy. 

The cosmological sciences are divided, in their turn, into two sub-king- 
doms, namely, the sciences which treat of inanimate objects; and those 
which consider only animate objects. The first sub-kingdom of the 
cosmological sciences is divided again iuto two branches — the mathe- 
matical and physical sciences. By always following out this division 
by twos, Ami>&re succeeded in forming a table in which the whole range 
of sciences and arts is found divided — 
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Into two kiDgdomsj 

Into four sab-kingdotus ; 

Into eight branches ; 

Into sixteen Hub-branches ; 

Into tbirtj-two scieoces of the first order; 

Into sixty-four of the second order; 

Into one hnndred and twenty-eight of the third order. 

This is what it would be necessary to study in order to be perfectly 
familiar with the whole range of haman knowledge. 

Ought not this large ouoiber to be at the same time a subject of 
^acouragement to individuals taken separately, and a just cause of 
pride to the human race T Neither one nor the other. Ampere only 
succeeded in finding oue hundred and twenty-eight distinct sciences iu 
the accumulated labors of forty centuries by dividing and separating 
what had until then been united; by changing into distinct sciences the 
simple divisions of the complete sciences, and by applying to them names 
which might well be objected to, such as canotbology cyhemitica, tcr- 
pnognogy, technestlietics, etc., etc. 

It. now remains to examine whether the new divisions are not too 
numerous; whether they would odd to clearness— -a quality to lae sought 
at any price — and whether they would introduce any facilities into the 
art of teaching. There is scarcely a professor who does not understand 
now that the most elementary course of astronomy should first present 
to the student a description of the apparent motions of the heavenly 
bodies; that, on a second division, it is necessary to leave the appareat 
for tbe real ; and that a third division. Anally, should be devoted to 
the iavestigation and study of the physical causes of these movements. 
Here are three p&tta of one and the same whole.. 1 do not see, I 
must confess, what would be gained by making, of the first section of 
tbe firat conrse of the subject or treatise, a distinct science, uranography, 
and by dividing the second subject into two other sciences kelioatatiai 
and Mtronomy, 

Our illustrious associate banished from the course of general physics 
the comparative study of the modifications experienced by phenomena 
in different places and at different times. If this referred to profouuder 
study the thesis could be sustained. But on a contrary supposition, it 
would be difficult to conceive how, after having announced that to-day, 
at Paris, the north point of the magnetic needle declined 22° from the 
north to the west, the professor could stop suddenly and leave to his 
colleague, the professor of physical geography, the office of declaring, the 
year after, perhaps, that at Paris, before 1666, the observers found no 
declination ; that it is not the same at all places, and that at each place, 
considered apart, it exhibits a diurnal oscillation around its mean posi- 
tion. 

Ampere found the union of tbe materia-medica and therapeutics in tbe 
4)edical conrse inadmissible. It is very true that a knowledge of the 
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properties of medicine is quite different Irom knowing how to apply 
tbem ; but when you consider that tbe properties in question would be 
but little studied but for the purpose of relieving hamau suffering; that 
tbeir union under both points of view, abstract and practical, sustains 
the interest and saves time, you return to what at first seemed defect- 
ive. " Life is short, and art is long." These memorable words of Hip- 
pocrates, let me add, whose truth has not been impaired by the mate- 
i-ia-medica or therapeutics, unitedly or separately, deserve to be remem- 
bured in the distribution of tbe studies of youth. 

Amp^i-e thought be had succeeded in avoiding entirely all repetitions } 
be flattered himself that henceforth each science could be studied with- 
out any trace of syllogistic circles ; that, while engaged in one study, it 
would never be necessary to refer to the science coming after on the 
synoptical table. 

An illuBtrions metaphysician did not believe this methodical course 
IKissibte unless in tbe science of abstract mathematics. Readers, he 
said, must trust ; they must be willing to give credit for a time, if they 
wish to be satisfied; for geometers alone always pay cash. 

Could Ampere always pay cash, as MaJebrauche expresses it, even 
in applied mathematics 1 If time permitted I could easily prove, I 
believe, that on this point our illostrious colleague deceived bimselC 
In his table I see, for example, astronomy before pbf sics ; and, couse- 
queutly, before optics. How, then, in the first lessons of urauograpby 
and the first study of the diurnal movements of the heavens, could the 
professor explain the use of tbe telescopes, of the lines placed in tbe com- 
mon focus between the object and eye glassest What conld be say, 
without asking for credit of the atmospheric refractions which so percep- 
tibly deform the. circular diurnal orbits of the starst All astronomers 
would agree with me that it is very unnatural that heliostatics, or the 
demonstration of the Copernican system, should precede the exposition 
of tbe laws of Kepler, considered as simple results of observation. 

I could multiply these remarks, but they would not prevent Ampere's 
classification from being very superior to all those preceding it; it would 
require but u few snpjiressions and some rearraugement of points of 
slight importance to make it as perfsct as would be compatible with the 
nature of the subject. It can be unhesitatingly afiQrmed that its various 
parts bear the indelible stamp of an erudition as remarkable for its 
extent as its profoundness. 

Ampere bad not only essayed the vast problem of a general classifi- 
cation of the sciences, but had also been engaged in introducing classi- 
fications into the physical and natural sciences separately. 

Tbe chemical classifications proposed by tbe learned academician 
could even now be published with profit. They wonld prove — and how 
strange the fact — that, during one of the last revolutions iu the science, 
Ampere, tbe geometer Ampere, was always in tbe right, even when his 
opinions were opposed to those of nearly all the chemists of the world. 
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THE INFLDENCE EXEBOISBD BY A PBIVATE EDUOATIOK ON AMPflBB'S 
MIND AM) MAJfNBBS. 

Amp6re, eqjojing the wide reputation we have indicated, BaggestB 
iu himself too striking a compariBoa between the advantages of a 
private education and one acquired in the tumult of public schools not 
to excite eager discussion. I only refer to tliis discussion, however, to 
deny its utility. At tlie time of his departure from the mountains of 
Foleymeus, our future associate possessed an immense amount of infor- 
mation, an extraordinary memory, a strong iutellect, and a rare aptitude 
in mastering all subjects ; but who would dare affirm that these qunlities 
would not have been as well developed at a public achooll An isolated 
fact could lead to no positive conclusion on so nice a point 

The adversaries of private education remembered that Ampere con- 
tracted in his secluded life habits which they tax with singularity. 
Amongst others is cited the impossibility he found in giving a clear ex- 
planation, when professor, of subjecta with which he was perfectly 
familiar; without calling, as it were, to his aid peculiar movements of 
die body. This is undeniably true. There was always, intellectually 
speaking, a great difference between Ampere in repose and Ampere in 
actJOQ. I, esi>ecially, have always sincerely regretted that the illustrious 
savant, in his riper years, should have felt his emiuent powers and all 
enthusiasm de^iliue as soon as seated at his desk, without having, how- 
ever, the temerity to ascribe it to the solitude in which his youth bad 



What is known, in fact, of the mental struggle accompanying the 
birtii and development of an ideal Like the first uncertain glimmer- 
ings of a star, an idea begins its dawn ou the very verge of the intel- 
lectual horizon, at first so small and faint ^lat ite unsteady, wavering 
light seems to reacn us through an almost impenetrable mist. Itiu- 
creases in sLse, until snfaciently developed to display a delicate outline; 
and finally, its contour clearly defined, it stands sharply out from all 
around — from all that is not itself. At this last stage language seizes it, 
clothes and stamps it with the definite, the impressive form which will 
engrave it iudelibly upon the memory of future generadona 

The causes accelerating or retarding the birth of a thought, and it£ 
various transformations, are numerous aud evanescent; and there is, 
moreover, neither i-egularity nor consistency in their mode of action. 
Paesiello composed wrapped up in bis bed-covers. Cimerosa, on the 
coutraiy, received the inspirations that gave to the world the beautiful 
themes with which his operas abound iu the midBt of the mirth and 
bustle of a crowd. The bistoiiaD Mez^rai wrote, even at mid-day in 
the month of July, by the light of wax candles. Rousseau, on the 
other hand, gave himself up to his most profound meditations in the 
full light of the sun, while engaged in herborizing. 

If Ajnpjtre were only inspired while standing and in motion, Desca^XB 
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required to be lying down immovable, and Cujas studied satisiactorily 
only when stretched at fall length on bis face on the floor. Wo Iiave 
all, in our youtb, had occasiou to smile at the sight of lazy schoolboys 
gaziug fisedly at the ceiling of the scbool-room, aa if looking for the 
lesson tbey do longer remembered. This was the iwsition in n'hivh 
Miltou, his head thrown far back, always composed. 

These facts seem singular; but what will you say of Ouido Reni, who 
was iuca[>able of inspiration unless magDiUceutly dressed; of the mu- 
sician Haydn, who declared himself utterly unable to compose his (fraud 
clioruses without having on his finger the costly ring given him by 
Frederick II; of the poet Mathurin, who would stick a wafer on 
his forehead between his eye-brows, as much to excite his imagination 
as a signal to his servants not to interrupt faim by questions. 

The eyes, it has been said, are the windows of the soul. I am con- 
vinced that it would be a mistake to generalize this remark too much by 
exteudiug it to gesticulations, or, if yon please, to uervons action. The 
arms of Napoleon's chair were not hacked by a penknife in moments of 
anger or deep preoccupation only ; joy and mirth also gave employment 
to bis instrument of destruction. If the qnestors of our legislative as- 
semblies did not place discretion in the front rank of the good qualities 
which distinguish them, they could tell ns that some members do uot 
l^ss actively destroy the mahogany of their desks on the days of stormy 
debate than during the monotonous and drowsy operation of the call 
and recall. Does any one, while reading Glover's ballad entitled the 
Shade of Admiral Hosier, divine for a moment that the poet com- 
posed it while unconsciously destroying with his cane a bed of tulips, 
the especial delight of his friend, Lady Temple, 

Uncomfortable aud painful attitudes, so necessary to some, are not 
tlie only conditions indispensable to the development of the higher in- 
tellectual faculties. Addison mentions a lawyer who could never plead 
without passing the thumb of his left hand through a loop of twine, 
which be would tighten to spur the thought or expression. One of onr 
most eloquent prose writers, who spoke as well as he wrote, was only 
able to do so, however, when his right leg was twisted around the left, 
like the serpent of Troy around the arms of the Laocodn. Let us re- 
member all these facts. Their very singularity should induce us to do 
so. But let us be careful not to draw from them any premature coucln- 
sions against any particular mode of education ; for amongst the dis- 
tinguished personages whose names I have just cited there are no two 
who in their childhood were placed in exactly similar circumstances. 

If necessary to enter more into detail, I sboidd be less reserved about 
other habits of our associate which have more or less influenced bis 
career. Had Amptire been sent to school in his childhood to the hum- 
blest village school, his disposition and habits wonld possibly have been 
somewhat modified. He would have learned that scissors were not in- 
tended for making pens; that writing in large characters was not the 
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nitimate object of calligraphy. He woald not have received from a for- 
eign 8cientiat, full of wit and waggeiy, after bf became a member of 
ibe academy, an iovitation to dioner written in tbe first letter of his 
signatnre. He would have kuown that to write a running hand rapidly 
and easily, a movement of the lingers, and not tbe arm, is required — 
a knowledge which would have saved liim, doring his whole lite, much 
bodily exertion and intolerable annoyance. Ampire'a schoolt'ellows, 
much less forbearing than father or mother, would have roughly checked 
his incessant restlessness. He would have learned to control those par- 
oxysms of r^ie which, later in life, rendered him so unhappy — called by 
his friends lamb-like wrath ; and which to excite was rather a sabject of 
coDgratnlation, so spontaneous, candid, and unreserved was bis repent- 
ance. He would have known how to confine himself to regular work. 
Tbe necessity of performing his tasks at fixed hours would have taught 
him, as an author very clever in each matt«r8 said, to make bis 
thonghts flow rapidly from the nib of bis pen, and not to drown them 
afterwards in an ink-staud. Borrowingthe beautifhl image of CIcauthe, 
preserved by Seneca, Ampere's thoughts, once repressed, would re- 
semble the voice, which, confined to the narrow channel of a trumpet, 
bnrst» forth at length tbe more clear and the more powerful. Compo- 
sition would then have been of secondary importance to him, and he 
could have exclaimed triumphantly with Racine, "My wor^ is finished;, 
nothing now remains but to write it out." The success of this mode of 
investigation would have induced him to give up handling a thousand 
different subjects at once and yielding to the nervous excitement pro- 
voked by it. If he had considered the time lost in useless discussions, 
he would not now sadly exclaim with tbe poet cited not long since — 



Jo ne fais t>M le bien qne j'aime, 
Et Je laia le mol qne je hais. 



(■' I do not do the good I love, but the evil that I hate.") 
Here 1 must stop; for instead of maintaining an even balance between 
the two contrary systems, as I had intended, I find myself almost plead- 
ing in favor of public education. 

AMPfcBB AM ADEPT IN ANIMAL MAGNETISM. 

Ampere often lent the aid of his imposing authority to the adepts of 
animal magnetism. His imperfect vision, his want of bodily dexterity, 
and his great credulity, rendered him a fitting subject for the tricks and 
legerdemains which ought to have induced him to consider magnetism 
a branch of the art of jugglery. At certain reunions, where the love of 
the marvelous, a desire to fathom the mysteries of animal organization, 
and eRpecially the hope of discovering some new means of alleviating 
hnman suGEeriug, brought many estimable people together, Ampere was 
often fascinated by legerdemains only suitable for the amusement of 
children, such as the sudden increase of little balls, multiplied almost 
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infinitely, aod passing successively into different boxes, at the vill of 
one of those individoals now called prestidigitators. It was in this way, 
doubtless, that Ampere had been led to admit that, under certain 
conditions of nervous excitement, a man might be able to see even at 
great distances without the aid of bis eyes ; that he might, with his knee, 
see stars j follow the movements of actors on a stage with his back turned, 
and rea^I a note with his elbow. Is it not possible that we, who even 
now have do faith in such marvels ; we, who formerly opposed the convic- 
tions of our friend with all kinds of arguments, even resorting to raillery, 
might have carried this opposition too f^ on other points of animal 
magnetism t Is an extravagant skepticism more philosophical than an 
unlimited credulity t Have we any right, for example, to sweepingly 
affirm that no man ever has or ever will be able to read, with his eyes, 
in the profound darkness which reigns under a depth of twenty-nine 
meters of earth and rocks — I mean at the bottom of the vaults of the 
Paris observatory 1 Has it been well established tbabopac|ue bodies — 
that is, those impermeable to hght — allow nothing to pass through them 
which coiild supply and produce vision t Do systematical ideas au- 
thorize us to disdain any reference to experiment, the only competent 
judge in such matters! I present all these doubts as a kind of repara- 
tion and expiation offered to tlio manes of Ampere. 

Pardon this digression, gentlemen, rendered necessary by circumstances. 
Your indulgence will be the more preci6ns to me for having possibly — 
nay, I will say more, probably— displeased both the advocates and 
antagonists of magnetism. The latter will blame the extent of my con- 
cessions ; the former, on the contrary, And me too skeptical. But, such 
reproaches would not be very alarming ; for has magnetism, unless in 
some few isolated points, any real foundation t All that its advocates 
can desire, all they can rightfully claim at present, are unprejudiced 
judges, who will refuse neither to see nor to hear. 

Is it necessary, on the other hand, to side with' those who, fanatically 
devoted to tiie experimental method, proceed exclusively by means of 
direct corollaries, and who regard an idea unworthy of being followed up 
which does not flow logically from a previous idea t I will also remark 
that to deny, a priori, belongs to theory; that negative theories are even 
more to be condemned, as they provoke no trial, no attempt, and there- 
fore reduce the mind to a state of quietude and somnolence fixim which 
science would have much to suffer. 

I cannot, besides, admit that there would be less pride in saying, not 
only to the sea but to all nature, " thou glialt go no fartlier." 

AMP&RE'S CHAICACTEB. 

The traits of character which, in the course of this sketch, ara 
found scattered here and there through the scientific analyses, would 
amply suffice in the eulogies of a large number of the academicians. 
But this would not answer in Ampere's ease. From an early period a 
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nngnlar concourse of circamstances had iuitiated the public into all the 
details of hie private life. They interested themselres almost as much 
ID what they called his credulity, his eccentricities, his absence of mind, 
and bis very freqnent alternations of wonderful activity and profoand 
apathy, to which he was subject, aa in his brilliant discoveries. Our&iend 
gradoAlly became the principal actor in a mtdtitude of fantastic adven- 
tures, creations of the imaginations of a few idle people. Calumny, 
always on the watch Tor snch opportnnities, began early to exercise its 
detestable role; and thus it is that I would not attain my end were I to 
neglect to give a faithful sketch of the character and habits of Ampere. 

I bave just spoken of calumny, but am far from wishing to apply so 
severe a term te those who do not share the estimate I have formed of 
Ampere's character. Philopcemin once "paid tke fine of his deformity/' 
said Plutarch. Ampere also paid the penalty of certain manners and 
habits which it is not my intention to extol. I freely acknowledge that, 
with the kindest feelings in the world, no one could help admitting a 
want of dignity in his too profound salutations. 

We have passed over times in which a man of letters, a man of 
science, snch as Ampere, bad any reason to fear that he would be 
stripped of his office if not orthodox in matters of religion and a parti- 
SSD of the political systems of the day. Perhaps, under such circum- 
stances, our associate recalled too vividly his res|>onsibilities aa the 
father of a family; perhaps an ardent imagination- painted in exagger- 
ated colors the brutal condition to which such a deprivation would 
reduce him; and be thus stooped to measures, snch as visits and pre- 
sentatious, which can be legitimately and justly condemned. The right 
of doing so, however, can only be conceded to those who have never 
beeo guilty of like faults, and which I refuse unhesitatingly to those 
fiinctionaries, infinitely more numeroas, whose only advantage oyer 
Aini>6re is that of having discovered the secret of diverting atten- 
tfon. Besides, do not believe that the judgments and opinions whose 
organ I shall be, and which it would give me so much pleasure to have 
prevail here, rest on so unsound a foundation as rumor or the chitnihat 
of society — but on acts misunderstood and susceptible of different inter- 
pretations. I have formed an estimate and Judgment of Ami>^re'3 char- 
racter from aprivatecorrespondeace notdestiued to see the light — which, 
indeed, in strict accordance with the express wish of onr fiiend, should 
have been destroyed. In such documents I could hope to find Ampfjre's 
thonghte ft«e from all delusive alloy: It was while reading this precious 
o»rrespondence I learned more and more to love our associate. Are 
there many men who would thus gain by being stripped of the mask so 
generally wont iu publici These reflections have occupied much time, 
gentlemen. Tou will pardon me if I say it is a mistake to consider them 
a more preamble ; they are a direct reflitatioo, and by way of anticipa- 
tioD, of the objections with which the last portion of this notice is 
thiefrtened, even before being given to the public 
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Like Lafoutsine, between whom tbere was more than one point of 
resembliince, Ampere would remain sometimes uncouscions of all 
arouud him in the midst of a crowd; aud fram this proceeded certain 
eccentricities, certain aberrations of language, of carriage, and dress, 
difficult to be understood by those who have never known what it ia to 
be swayed by the tyrannical domination of an idea or of a seotimeut 
Abstraction oft'ends, where it does not excite laughter. Ampere's obliv- 
iousuess was of the latter kind, and yet it mast have offended some, 
since it has been fancied, and even seriously maintained, that the many 
instances of which we have all been witnesses were the result of affec- 
tation. This serious charge has been too widely spread to allow me to 
give a kind of assent by silence. I will refer, then, boldly to the con- 
temptible circumstances which gave rise to it. 

Tell us, for example, what advantage could Ampfere expect the day 
when, seated at the table of persons whom all bis interest required him 
to treat with deference, he exclaimed in a fretful tone, fancying himself 
at home, "What a vile dinner; will my sister ever understand that, 
before engaging cooks, it is necessary to inquire into their skill T 

I am almost ashamed to have to stoop to such a justification ; for, 
after all, Ampere is not the only distinguished man subject to absence 
of mind. ^Vould you like to generalize the charge T I can at once cite 
the instance of the celebrated astronomer, who, on being asked by his 
house-keeper the exact number of minutes required to boil an egg, 
found with despair that hiswatch, of great vaJue,aiidoD which depended 
the accuracy of all his labors, had been in the boiling water for a whole 
minute, while the egg was in his hand. I can mention, too, the case of 
the pious Father Beccaria, who, Ms mind filled nithan electrical experi- 
ment even while celebrating mass, shouted in his loudest tones, "Vhpe- 
rienza e fatta^ when he should have chanted the Domtntui Vubiaeum; au 
obliviousness, by the way, which, being rei>orted to the ecclesiastical 
authorities, resulted in the suspension of the illustrious physicist. * 

To trausfurm au absent-minded man, by the system just alluded to,iuto 
a sort of mixture of the impostor and the hypocrite, would be to force 
us to destroy some of the clever pages of La Bniy^re, and to condemn 
to the flames an agreeable comedy of Reguard. There is still another 
consequence, which creates yet more disgust : the inimitable fabler 
would no loiigcr be the worthy man, as Moli^re baptized him. While 
admiriug his immortal works, we should be forced to deprive him of 
that halo of respect and esteem — in fact, almost tender attachment — 
with which so many successive generations have surrounded him. The 
cause is lost, gentlemen, when it leads to consequences so violently irri- 
tating to public feeling. 

Ampfere's credulity had become in a measure proverbial. It induced 
him to believe one after another the most extraordinary facts in the 
political world and the most chimerical events in the intellectual. Stilt 
this avowal can create no prejudic« against the wide reputation of the 
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celebrated academiciaD for perspicnity. Credality asnaDy implies a 
want of iatelligence. This, of course, was not tbe case in this iostHnce 
It often arises, too, from a general Blnggishness of mind, and is well 
described by a popnlar adage : " J would ratker believe than fsamine/or 

Indifference, in otder to escape tbe importunities and contentious it 
BO much dreads, sometimes wears tbe masli of credulity. But indif- 
ference cannot be general. Though felt towards certain subjects, it 
admits in others a wide field for active iuterest. Such was the case 
with tbe grammarian to whom some one was describing the fancied 
symptoms of a geueral conflagration in Europe. He admitted all, ac- 
cepted all, without a frowu or a word ; and was about being set down 
as one of the most credulous meo of the age, wheu be broke the silence 
by exclaiming, " Happen what will, I have not less than three tlioasand 
rerbs well coqjagat«d in my lists." 

Ampere belonged to another class, infiuitely more rare, with whom 
credulity vas the result of imagination and genius. When he beard 
an extraordinary statement related, his first feeling was that of sur- 
prise, nudonbtedly ; but his penetrating and prolific mind, discerning 
possibilities wbere ordinary minds discovered only chaos, would, with- 
out interval or rest, persevere until be connected tbe strange phenom- 
eDa,byliuk8 more or less solid, to the principles of established science. 

Shoald I fear being accused of misunderstanding the human heart 
if I add that tbe merit of overcoming difficulties bad its intluenoe 
on tbe tenacity of our learned associate in defending certain theories t 
Oil leaving Lyons, in 1805, Ampere had not weighed well all he was 
relinquishing in the associations and friends of that city. Soon after his 
arrival in Paris he was seized with an attack of geunine nostalgia — 
home-sickness — from which be never entirely recovered. 

In letters of 1813 and 1820, and even of a later date, his acceptance 
of the situation connecting him with tbe Polytechnic School is described 
as an act of egregious folly. His favorite dreams were combinations, 
always impracticable, to restore him to the haunts of his childhood. 
His griefs of all kinds always found expression in, " O, had I never 
left Lyons I" This, theu, gentlemen, gives the key to many circum- 
stances in the life of onr friend until now inexplicable. 

Metaphysics, to which I have already referred, were constantly inter- 
fering with tbe works on mathematics, physics, aud chemistry, on which 
onr associate was engaged. They were suspended, but at short inter- 
vals, in 1820, 1821, and 1822, during bis electro-dynamic researches, tbe 
results of which have already been shown. 

In 1813 Ampere consulted his Mends in Lyons as to a plan, (I give 
his owu words,) " to devote himself exclusively to psychology." He 
&acied himself called "to lay tbe foundation of that science for all 
ages." He did not reply to a letter Irom Sir Humphry Havj- on chem- 
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istry. "No longer baviDg," he aaid, "tbe courage toflxhisthonitlitsou 
that tedions subject." 

I will Bay uo more, gentlemeu, as I would be a£raid by dwdling longer 
on the barm done to physics by psychology, of exciting against the lat- 
ter too violent an opposition. 

Among tbe writers conspicuous iu literarj' history for their invaluable 
aud iudefiatigahle zeal, we shall find some profoundly pioos, some io- 
ditferent, aad others siieptical. Those, on the contrary, who all their 
liveK have been harassed by internal religious struggles, have rarely suc- 
ceeded ia accomplishing works of great magnitude. Amp^ belonged 
much more than we had suspected to the last class of savants. 

Madame Amii^re had early begun to instil into the heart of her son 
tbe pious sentiments animating her own. A diligent stody of the Bible 
aud the fathers of tbe church was the unfailing expedient of the young 
geometer when his faith was wavering. Later in life this talisman lost 
somewhat of its early efficacy, a fact revealed to mo by some scraps of 
manuscript, for during bis life Ampere never allowed me to perceive the 
cruel doubts which from time to time disturbed his mind. In glancing 
over to-day his letters to the ftiend whom he had selected as the confi- 
dant, of all his mental struggles, the reader is surprised to find that lie 
has really before him an account of the excessive tortures experienced 
by tbe author of the Provincials, "If this were true, however," he 
wrote on the 2d of June, 1815, "miserable creature that I am. ■ • • 
Former views have not the power to make me believe; but they still 
have the i>ower to strike terror into my soul. If I had only preserved 
them intact, I would not now be phinged lute this gnlf." 

By comparing date8,it is evident to me that these viclssitudea of feeling 
were not unconueetecl with the politicul revolutions of France, or with 
family afflictions. How readily it can be believed that the tears filling 
the unhappy eyes do not alone chauge the appearance of the external 
world ! 

In momente of religious excitement there was no literary sacrifice 
Ampere would not have considered light. While at the centi^l school 
of Bourg, the young professor comtmsed a treatise on the future of 
chemistry. In it were some bold predictions, which at the time did not 
alarm his conscieuce. The work was scarcely published, however, when 
various circumstances threw Ampere into an extraordinary mystical 
exultation. From that moment he fancied himself in the liigliest degree 
culpable for having attempted to unveil prematurely* a multitude of 
secrets that future ages bore and still hear in their bosom ; and seeing 
in his work only tbe suggestions of Satan, he committed it to tbe dames. 
Tbe illustrious academican baa since deeply deplored this loss in common 
with all interested iu the progress of science aud the glory of the coun- 
try. Religious doubts were not the only ones which per^dexed Ampere. 
Doubt, whatever tbe object, always disturbed his mind in the same 
degree. "Doubt," he wrote to a Lyonnese friend, "ia the grbatest 
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torment etidnred by niao on earth." Hero is, among a thonsand others, 
H question assuredly of doubtl'ul solution, some would say quite insolu- 
ble, which exercised the ingenuity of our friend, and permit me the 
expression, almost transported him with euthasiasm. The studyof fossil 
animals shows that our globe was once the theater of several successive 
creations, which by gradual progression at last reached the condition 
of man. The earth, at first, presented no living thing, no organized 
matter. Then were found traces of vegetation; then invertebrated ani- 
mals, worms, and mollusks; later, fishes and sea-reptiles; later still, 
birds ; and finally mammifers. 

*'Do you not see," wrote Ampere to one of his friends in Lyons, "do yon 
not see the paiaotkeriums, and the an<^lath^iunu replaced by man. 1 
hope lor my part, that after a new cataclysm, men, in their torn, will be 
replaced by beings more |>crfect, more noble and more sincerely devoted 
to truth. I would give the half of my life for the certainty that this 
transformation will take place. Would you believe it I there are peo- 
ple stupid enough, (his own words,) to ask what I would gain by that. 
Have I not just cause to be indignant at such a question V 

It would not surprise me that any one, at the first glance, shonld 
evince astonishment at my enumerating political events and passions 
amongst the causes so frequently saddening and discouraging Ampere's 
heart, and interfering with his scientific labors. Was not I, bis friend, 
for thirty years, obliged to read his most private correspondence in or- 
der to discover a trace of those political griefs hidden under an appar- 
ent serenity, an outward show of gentle resignation. 

The year 1815 was marked by events cruelly stamped on the life of 
our associate. The Emperor bad returned &om the island of Elba; 
and the clash of arms resounded throughout Europe ; nations were hur- 
rying to encounter each other un imkuown battle-fields, and this terrible 
shock might result in the subjugation of France and the world for 
many long years. These thoughts threw the mind of Ampere into the 
wildest state of confusion, and he then bad the incredible misfortune 
to become associated with those, luid God grant I may never discover 
any traces of them, with whom all he most dreaded was an object of 
bc^, in whom the most disastrous news excited transports of joy ; who 
thought that the death of half a million of our countrymen would not 
weigh in the balance against the preservation of their rotten institu- 
tions. 

These hideoas sentiments inspired our associate with a well-founded 
and profound antipathy. Again, he found on the other hand, among 
the Farisiau ^rapolace many so violent that, without waiting for provo- 
cation on the part of their antagonists, proposed patting all mercilessly 
to the sword. 

It was at this time that Ampfere wrote, (1 have the letter at hand) to 
his Mends in Lyons: "1 am like a grain between two mill-stones. 
Mo words can describe the anguish I feel ; I have no longer strength to 
lis 
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sustaio life here, I most, at any cost, retom to yoa, flee from those who 
flay to me, 'yoa will saffer uo personal iuconvenieiice ;' as if 1 coald 
think of myself iu the midst of such catastrophes." 
' Would you not, gentlemen, have a had opinion of a man who, under 
ciruu instances su sad, could command sufQcient tratiquility of mind to 
be able to combine formulas, invent apparatus, and make new experi- 
ments T 

Ampere, from difBdence, carefully concealed the painful feelings in- 
spired by public events. Twice, however, the measure of his grief was 
full to overflowing, too full to be restrained. I can cite but one in- 
stance of such despair as that experienced by onr associate when in- 
formed of the fall of Prague, and later of that of Warsaw, to be found, 
too, amoogthe formermembersof the Academy. Itwasthatof Ruello, 
who entering the room with bis clothes in disorder, his face pale, his 
features distorted, began a lecture on chemistry iu these words, which 
I prize as highly aa the most beautiful experiment : "I fear I shall fail to- 
day in clearness and method; I have scarcely strength to collect and 
connect two ideas; but you will pardon me when you learn the Frusaian 
cavalry were passiug and repassing over my body all night." 

The news of the battle of Bosback had reached Paris the evening be- 
fore. 

Once surrender yourself to the influences of mind, temperament and 
heart in the contemplation of political events and the calcnlation of 
their importance and weight and yoa will find it difQcult to couBne your- 
self to those of one period, even were it as fruitful iu terrible catastrophe 
as the close of the eighteenth and beginning of the nineteenth centuries. 
Biographers relate that Laroothe-Levayer died, demanding in a faint 
voice, "What news of the Grand MoguH" With Amp&ro the Qrand 
Mogul was the whole world, time, past, present and to come. The suf- 
ferings of the subjects of Sesostris, Xerxes, and Tamerlane touched in his 
heart as tender a chord as did those of the poor peasant's of La Bresse, 
among whom his youth was passed. To use bis own words, he took the 
same strong interest in what might take place centuries hence, as in 
what was passing under bis own eyes. We still recognize in this the 
horror of the doubt not long since alluded to, but now supported by 
philanthropic sentiments. 

" Friends," exclaimed Lord Byron, in a moment of ill-humor, "are rob- 
bers of time." A great student said before him, but with less asperity, 
"Those who come to see me confer an honor, those who do not come 
confer a favor." Such a thought, equally selfish, in either form, never 
sulUed Ampere's heart. His study was open to all at all hours. But 
no one ever left, we mnst confess, without being asked by our associate if 
he understood the game of chess. If the answer were in the affirmative, 
he would seize the visitor, and force him to play, willingly or unwillingly 
for whole hours. Ampere was too unsuspicious to perceive that un- 
skillful players, (several have themselves told me so,) knew an infallible 
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way of winning; when fortune seemed against them, they wonld declare, 
in very positive terms, that after very mature reflection it seemed to 
them that chlorine was uodoubtedly oxygenated muriatic acid; that 
the idea of explaining the properties of the magnet by means of electri- 
cal curreDtR was traly chimerical; that sooner or later phyaicista would 
rettirD to the system of emission and consiga luminoos waves to their 
place among the rasty old lumber of Oartesianism. Ampfire had tbas 
Che double vexation of finding pretended adversaries of his favorite 
theories and himself checlt-mated. 

Philosophers, even those whose whole lives have been passed in digest- 
ing codes of wisdom for alt the nations of the world, frequently, in regu- 
lating their own lives, fail to st«er clear of the shoals evident to the 
eyes of the most casual observers. Ampere, for example, never seemed 
to understand how much both his health and science would snffer from 
the isolation to which he had condemned himself. He fancied he was 
yielding to peremptory medical prescriptions, or to the urgent entreaties 
of friendship, and he really believed he was resting his mind, when, 
daring the day, he passed several hours either in profound darkness, or 
without book, pen, or pencil in band. Such a delnsion could not de- 
ceive us ; and it was not strange, therefore, that we desired to lure our 
friend, for real distraction, to the Comedie-Fran5aise ; we were anxious 
that he, who, in his youth had composed tragedies, should partici- 
pate in the pure and elevated pleasore excited by the master-pieces 
of Comeille, Bacine, MoUere, and at a time, too, when these im- 
mortal poetd had for interpreters such artists as Talma, Fleury, and 
Mademoiselle Mars. Fearing onr friend might be restrained by the 
powerfiU influence of his religious scmples, we concluded to relate to 
him the instance of the lady at the court of Louis XIV who, in con- 
sulting her confessor as to whether she committed a sin in going to the 
theater, received this reply : " Madame, it is for you to tell me." These 
admirable words could not iail to make an impression on so quick and 
discriminating a mind as Ampere's. For a moment we thought onr 
cause gained; in fact, bis mind and heartwere convinced; bnt bow could 
we insist when we saw he hesitated from the very praiseworthy fear of 
wounding the feelings of those whose opinions he regardedt 

I shall have displayed a great want of skill, gentlemen, if in the char- 
acter of Ampere, presented to you under so many different phases, I 
have not seemed to offer, at least within certiun bounds, a very natural 
explanation of the despondency to which onr friend so often abandoned 
himself,and given the principal causes of thedistasteso frequently inspired 
by studies that a slighl peraeverence wonld have crowned with a bril- 
liaxt success. A careful glance over the later years of Ampere's life 
will detect numberless instances of this despondency and distaste. 

He who in his yonth had devoured books of every description, even 
the twenty volumes in folio of the encyclopedia, after reachinga certain 
age seemed no longer to have the energy to read. With only a few ex- 
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ceptions the books of bis library' remained aucut. Here and there a few 
leaves were found jagged at tlie edges like a saw, certain proof of their 
having been separated by a misapplied finger. An aatbor, eveo 
amongst the most celebrated, would have vainly songht for more numer- 
ous and more manifest traces of the interest and curiosity of oar friend. 
With the single exception of the plan for a natural classification of all 
human knowledge, to everything iu the scientific and literary world he 
had become so indifferent that, as a proof, there now is in the hands of 
geometers, and the students of our large schools, a treatise on (Ac dijffieren- 
tial and inteffral calcvbis, without the name of the author, title, or table 
of contents; the publisher, after many ineffectual attempts^ was forced 
to conclude that Ampere would never fnniish the few lines necessary 
to give the new book the form of all books since the time of Ontenberg. 

Do not exclaim, gentlemen, at the singularity of this fact. I have, ac- 
cording to my judgment, something still more extraordinary to relate. 

Fresnel, that illustrious physicist, who carried the experimental art to 
its utmot^t limits; who, ju the discussions of the most complex phenom- 
ena, succeeded, by the force of genius, in dispensing with those power- 
ful but almost innccessible aids fonnd now in transcendental analysis — 
Fresnel, by his death, left iu the scientific world a great void, which, in 
one respect at least, Amptre could have filled. Friends urged it j they 
painted in brilliiint colors the glorious future of fame and usefulness 
which would be added to a reputation already European ; hut it was all 
in vain. Ampfere was deterred by an incredible obstacle ; he could not 
accept the position offered, becanse, he said, it would place bim under an 
obligation to read two essays ou the theory of waves, with which science 
had just been enriched by M. Poisson. (The two essays were written 
with the elegant precision which distinguishes all the works of that 
illustrious geometer.) Ampere's excuse will astonish every one; but he 
gRve it in so feeling a tone that to show displeasure would have been 
an act of barbarity. If great and small things may- be compared, they 
would remind me of the reply of the yonng and able-bodied workman 
to this question of Marivaux, "Why do yon not workT" "Ah, sir, if 
you only knew how lazy I aroP 

The large share I have jast ascribed to influence of character must 
not divert our attention from a cause not less powerfiil, which has itself 
greatly contributed to diminish Ampere's works. If it is true that the 
discoveries whose analysis Ibave just given, iu spite of all they present 
of the vast, the profound, and the ingenious, form but an inconsidera- 
ble part of those which might have been the fruits of the powerflil in- 
tellect of our associate, the institutions responsible (solidairas) for so sad 
A result merit the reprobation of every friend of science, I will follow, 
gentlemen, by devoting a few words to the development of this idea, the 
sensible advice of the author of the Essay on Eulogies: "In describing 
great men, whether yon emulate the gravity of Plutarch or the pungent 
good sense of Fontenelle, do not forget that yoor aim is to be Dseftil." 
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Among the conteiupornneons sanuits whose wonderM talenta have 
been misapplied, no name is more proiniDenl than that of Ampfere. 

A statesman, celebrated for his witticisms, said of oae of his political 
adversaries: "His vocatioa is not to be minister of foreign alKtirs." 
Aud we, in our tarn, might say of Ampere: " His vocation was not to 
be a professor." 

And yet he was forced to devote the best portion of his life to a pro- 
fessorship, and to supply the deficiencies of his patrimooy by paid 
lectures. 

A severe woQud received in his arm iu childhood had no little 
share in impairing bis manaal dexterity. The first place, nevertheless, 
that is given him is that of professor of physics, chemistry, and astron- 
omy, at the central school in the department of Ain. Tbe professor 
of physics invariably fails in his experimeatsj the chemist breaks his 
apparatus, and the astronomer can never succeed in bringing two stars 
within tbe field of the telescope of the sextaut or circle of reflection. 
Aie snch the real difficulties encountered by the modern type of the func- 
tionary called the administrator 1 He derives from his ofiice the right 
to appoint ; a vacancy occnra ; he fills it, and there is the end of it. 

Ampere left Bourg to fill the chair of mathematics in Lyons, aud 
afterwards the ofQce of master of analysis in the Polytechnic School at 
Paris. In this new position he was not obliged to handle retorts, elec- 
trical machines, and telescopes ; more complete success might now be 
expected ; but he who undertakes the instractiou of frolicsome, rest- 
lees, and petulant youth, quick to seize the slightest occasion of ridicule 
to minister to their amusement, will find knowledge and genius not all 
that is necessary for the task. To avoid giving occasion to their mia- 
cbievons acuteness, it is necessary to study, by living for a long time in 
their midst, their tastes, their manners, their tempers, aud then: peca- 
liarities. The man whose character has been moulded by himself, who 
has not been trained in public schools, lacksone of the elements of suc- 
oess. If your bow is too profound, instead of receiving acknowledge- 
ments for the deference, you excite peals of laughter. Eccentricities, 
ignorance of the world, aud what is called in our artificial society a 
wont of style, did not interfere with Ampere's right to rank first among 
the savants for perspicuity and ingenuity ; but we must acknowledge 
his lectures suffered in consequence. But the superior powers of a man 
of genius should have easily commanded a more judicious and usefol 
position; and science itself, with its exquisite sensibilities, must regret 
that one of the noblest and most glorious of its representatives should 
have been exposed to the jests of giddy youths and idle minds. 

In the seventeenth chapter of bis second book of his celebrated es- 
says, Montaigne makes this confession: "lean neither calculate in my 
head nor on paper ; the greater part of our coins are nnknowa to me ; 
nor do I know one grain from an other, either iu the field or in the 
bam, unless tbe difi'ereuceis very apparent; nor can I distingoisb eab- 
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bage ftoxa lettuce in my gardeo ; and I uoderstaud Btill lesB of traffic ; 
and my knowledge of mercliandise is more limited still." 

Ampere, who was arery skillful botauist, would never have confounded 
cabbage wttb lettuce, but be was as little skilled as the philosopher of 
Piugueux iu traffic and merchandise, which is shown by the aatonish- 
meut be expressed when wisliing to initiate himself somewhat into the 
details of bis little household ; he saw fifty frauca for parsley in the ex- 
pense of a month, and six hundred francs for tbe whole year. 

This, then, nevertheless, is the man who, for more than a quarter of 
a century, received each year as iuspeetor-geueral of the university the 
mission of controlling the expenses of our principal colleges; and think 
not he was better quali&ed to examine the professors and scholars, for, 
ouce excited, his ardent imagination would straightway overleap the 
boundaries of classic theories. A word in jest or seriousness would 
often hurry him into unknown paths, which he would explore with the 
most surprising clearness, utterly ancoDScious of his surroundings. It 
■va» iu this way that year after year the theory of Aviguon, the de- 
monstration of Qrenoble, the proposition of Marseilles, and the theorem 
of Montpellier, enriched his pabUc lectures delivered at the iralytechoic 
school and college of France; but this habit of onr friend x>f distin- 
guishing each of his conceptions by the name of the place where it 
originated, makes us fear that he did not give at Avignon, Grenoble, 
Marseilles, and Montpellier that individual attention that dnty required 
of tbe examiner. 

If Ampere little suited the ofQce of inspector-general of the uni- 
versity I can assert the office as little suited him, tor his domestic re- 
sjiousibililies, a beneficence often exceeding tlie limits of prudence^ at 
times, too, when his friends were anxiously calculating hoto much hU 
wants exceeded his meanSf the extravagant habit of altering unnec- 
essarily the proofs of the printing-office, his endless desire for the con- 
struction of new apparatus for electixi-magnetism, prevented Ampere 
from resigning the principal source of a modest income. So far from 
this, everj- year when the offices were distiibated in the bureau*! of the 
university, did we see our Mend submit with resignation to the busi- 
ness of a solicitor to obtain a position which might injure bis health and 
could not add more tLan a hundred francs to his domestic economy, and 
waste in painful, Lumiliating, and frequently fruitless efforts his most 
precious time. 

Finally, he departs, and for three orfour months the author of the subtle 
tbcoriesofelectro-dynamicsgoes&om department todepartment, from city 
to city, from college to college, contending witb a parcel of wretched chil- 
dren. Whole daysare passed hearing them decline, conjugate, and explain 
passages from devtrisandthe metamorphoses, orindetainiugthem before 
the so much dreaded black-board, where they stammer over the certainly 
\-cry harmless, but very prosaic, mles of multiplication, division, and 
the extract of roots. The hour of return has also its tribulations of 
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a different natnre, bat not the leas poignant. The portfolios of the 
universities have hastily stowed away in their recesses minute lists of 
the barbarisms, solecisms, and errors in colcnlntion, which the inspector- 
general must examine. Their gaping jaws also demand the acconQts, 
giving the expenditures for the bedding, forniture, and provisioas of 
thirty boarding-schools. It is in vain our friend, who has scarcely the 
ix>wer to reduce bis own favorite works to writing, is asked for such 
accounts. In a letter, after enumerating the numerous and very 
just causes of anuoyance by which he was besieged, he gave the fluish- 
ing touches to this sad picture in these words: "The severest and 
most painful of duties is to be seated, pen iu hand, immoveable before 
a desk." Amp&ro would then have to submit to the demands of the 
clerk, the head of the bureau, the chief of the division, and the minis- 
ter, all leagued against him; and during these daily stniggles, pro- 
longed until the time for now inspections, he expended more time, more 
iugennity and thought, than were required to produce a chapter of his 
theories of electro-magnetism. 

So miserable a prostitution of the highest intellectual faculties can 
have no supporters within these walls nor anywhere else ; but some one 
asks, Where is the remedy I The remedy would not be difBcult to find. 
I would suggest that the colossal budget should not forget that France 
is covetous of all kinds of glory. I would suggest that it shouM guar- 
antee an independent support to the limited number of men whose pro- 
ductions, discoveries, and labors coraniand the admiration and are the 
characteristic features of all ages. I would suggest that these intellect- 
ual i>owers as soon as discovered should be phicfd under the tutelary 
protectiou of the whole country ; that it should watch over their full 
and complete development ; that it should not permit them to be wasted 
on common-place subjects. Auy objections to which this idan could give 
rise must be more specious than solid. I had summed them up and re- 
futed tbem, but a want of time obliges me to defer tliis portion of my 
work to another sitting. I iutend to make it the subject of a special 
proposition on which I shall ask the opinion of the public before sub- 
mitting it to the decision of a legislative vote. There is, however, one 
]K>int about which, from this time, there could bo no difference of opin- 
ion, for every one will acknowledge that, under the liberal regime I have 
just sketched, Ampere would have been one of the first of savants to 
teel the eflects of his country's munificence- Free, then, from all care 
and anxiety, relcasetl from a multitude of laborious occupations, nig- 
gardly details and petty ser\-ices, our friend would have been able to 
carry out with ardor, euthusiiism, and persevoranco the thousands of 
ingenious ideas with which his mighty brain was daily teeming. I re- 
marked not long since that the discoveries and works which be has 
left behind him, would occupy a distinguished place in the history of 
science, and bo honored by posterity, and I added, too, without the fear 
of contradiction, that they were but a small portion of what there was 
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every reason to expect ft^m one of the most Babtle and profousd minds 
ever created from the so rare anioD of the spirit of detail with the 
powers of geDerallzation. This idea did not originate with me. I dis- 
covered it sometimes unveiled, sometimes veiled, in every page of Am- 
pfere's corre^tondeuce with the frienda of his youth. Each day our as- 
sociate, unfortunately, weighed in the balance what he bad done and 
what be should have done, and each day the results of this examina- 
tion increased his intense sadness. 

You now know the secret of what embittered his whole life ; of his 
desire to have inscribed on his tomb the brief but most expressive epi- 
taph, also selected by a celebrated Swedish minister — 

Happy at last I (Tandem felix.) 

DEATH OF AMPi:RB. 

Ampfere left Paris in a suffering condition, August 17, 1836. His 
friends, notwithstanding, were full of hope and confidence, iuspired by 
the thought that a southern climate had once before restored him to 
health. Bat M. Bredin, who had Joined him at Saint-Etienne, did not 
share this delusion. The learned superintendent of the veterinary 
school of Lyons discovered in Ampere's appearance unmistakable symp- 
toms of decay; his whole face seemed changed, evcu the bony outline 
of the profile. All that remained unchanged about him was, and this 
was exerting the most fatal infiuence on his already shattered condi- 
tion, the enthnsiiistic and absorbing interest he evinced in everythlug, 
north, south, oast, or west, that could possibly ameliorate the present 
condition of the hnman race. The racking cough which Vas weakening 
onr friend by slow degrees, his painfully changed ^oice, his increas- 
ing feebleness, all demanded silence and absolute rest, even those least 
interested in bim would hesitate to makehim utter ten words; yet when 
M. Bredin declined to enter into a minute and difficult decision on the 
proposed changes in the second volume of the Essay on the Pkihsopky 
and Classification of the Sciences, Ampere became most violently excited. 
"My health, my health!" he exclaimed. "To talk of my health! There 
should be no questions between us but those of eternal truth." These 
exclamations were succeeded by a jirofound development of the delicate 
subtle links, imperceptible to the generality of men which unite the dif- 
ferent sciences. Then passing beyond the conditions at Inst conceded 
by M. Bredin, Ampere, kindling with enthusiasm, summoned to his 
presence, for more than hour, all who, in ancient or modern times, have 
influenced, for good or for evil, the lives of their fellow-beings. This vio- 
lent effort exhausted him, and increased his illness during the remainder 
of the journey. On reachiug Marseilles, the city of his affections, which 
once before had restored him to life, aud which had overwhelmed his 
son with so many warm-hearted kindnesses, he seemed in an almost 
hopeless condition. The tender and respectful attentions of all the 
friBctioDaries of the college and those of a skillful physician produced a 
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slight improTemeDt. Hia want of great aga, too, seemed a Eottrcc of 
hope, foruoooe recollected that Ampiretuiglit have said, with the Dutch 
artist Van Orheeck, "Count doable, gentlemen, count double, for I have 
lived day and night P 

Our associate did not share the hopes of his friends. When leaving 
Paris be knew himself near death, proof of which I have found in a let- 
ter recently sent to me, io his aqswer to tbe urgent exhortations of the 
chaplain of tbe college at Marseilles. "Thanks, M. Abb^, thanks ; before 
starting on my journey I performed all my religious duties." Amgi^re's 
resignation in' his last moments astonished all who knew his excitable 
disposition, his lively imagination and warm heart. !f o one ever ex- 
pected to find him display the calmness of that ancient philosopher, 
who, on the bed of death, requested to have all disturbing influences 
removed, in order, he said, to be able the better to observe what would 
take place at the exact moment of tbe separation of soul and body. A 
few moments before our associate lost entire consciousness, M. Des- 
chape, provisor of the college of Marseilles, beginning to read in a low 
voice the Imitation, Ampere remarked that lie " knew tbe book by heart." 
These were, I believe, his last words. In addition to the fatal chronic 
affection of tbe lungs, be was now seized with abigb fever; and on tbe 
10th of Jnne, 1836, at five o'clock in themoming, our illustrious associate, 
sinking under tbe accumulated bodily and mental sufferings of sixty 
years, as Bnffon so beautifully expresses it, "died before be bad finished 
living." 

Tbe same day the wires of Marseilles transmitted the sad news to 
Paris, where it excited, as you remember, the most profound and uni- 
versal grief. And let no one think this swift Eerial messenger dropped, in 
this instance, its official role to intrude itself into the domain of pri, ate 
life; for Ampere's death was a public calamity. 

[Tlie folIoiviDg sketch, wbich waa Driginall}- pulilisbed io Blackwood's Mu)«izine. 
fninitthes an illustratiun of soiue traits vt the character of Auijirre as i>Tcii(^.«d bj- 
Aiago:] 

Ampere, the friend of Davy, and whilome one of the great natural phi- 
losophers of France, is selected for this sketch, not from the space he at 
present occupies in science, but for la petite comMie que uoict',* and the 
amiable old age he exhibits. You see a venerable octej/etiairei of small 
stature, clad in a coat of grotesque cut, on which the marks of climac- 
tercial decay are as visible as ui>ou the excellent old man who has borne 
it for a quarter of a century. He has parted with bis teeth, bis mem- 
ory, and his elasticity of step, but he retains his bonhommie, his delight- 
ful mannerism, and ever and anon exhibits some fiickerings of that en- 
thusiasm in the cause of science with which he began life and without 
which nothing is to be done. I dare not, however, meddle with the 
splendid fragments of that genius which so otlen startles you into the 
conviction that a great man is addressing you. J have been present nt 

*Tbc Ultlo farce nhich folloivs. tAu eighty j-ear old. 
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several amusing little scenes enacted between himself and his pupils ; 
atid one or two are so illustrative of amusing simplicity and a not-to-be- 
BuperauDuated good-nature, that I shall venture to try their effect sec- 
ond-bHud. On the very first day I weut to hear him, (it was an introduc- 
tory lecture,) he had so filled the glate with first and secoudary branches 
of the goodly tree of science as to leave no room for more boughs, 
unless by topping the bead and abridging theuudue growth of tbe origi- 
nal shoots. Space was wanted, aud the remedy should bave been at 
hand ; bnt, lo ! the sponge had disappeared, and could uowbere be 
found, though the class showed much empreasement in seeking it. At 
last, with a look most comically solemn, the old gentleman drew ont bis 
cotton representative for a foulard* and looking first at the slate and 
then at tbe mouckoir,i plainly could not make up his mind to sully its 
^raudy colors by exacting from it tbe office of tbe sponge. But while 
necessity and reluctance were contending for the mastery on his features, 
the sponge was picked up by one of tbe students and eagerly presented 
to M. Ampfere, whose delight and manner of expressing it were irre- 
sistibly comic Seizing it between both his bands, as if to be sure that 
it was uot the shadow of the veritable detergent, but the very sobstance 
that he held, he hastened to the door, and putting bis head out, called, 
to his assistant, d. la MolUre, in the happiest and most unconscious 
imitation of the de. Pourceangnac accent " Je Pai trouv4; vfest a dire, 
on Fa trouv^-^l o'entend pas. [Aside:] Momieur ! Ecoutez done F Then 
at tbe highest pitch of his voice, ^'•Monsieur! nevous donnezpas la peine 
dela chercher; je Pai ici; onvient de laramaaserl" "I have found 
it, that is to say, it is found. He doesn't hear me, (aside.) Monsieur ! 
I say, Monsieur, don't trouble yourself about it; I bave got it here; 
they've just picked it upl" Then, quite regardless, and apparently un- 
conscious, of what the French journalists call "une vive explosion d'hila- 
rtt^J irom the class, be resumed as if nothing had occurred. He had 
been lecturing on the polarization of light and beat, and bad assumed 
a square ruler and a pasteboard almanac to represent a cylindrical ray 
and a transpareut medium of transmission, when gradually warming 
with his subject, he began (as one is apt to do in lecturing) to describe 
parabolas with bis ruler, one of which encountered the tumbler, (which 
is here ^usage,)^ and broke the pieces of glass into his enu 8vcr^.\l {With- 
out eau 8uer& nobody could get on with a lecture at the College de 
France or tbe Sorbonne, though law aud physic lecture with unlabri- 
oated fauces.) Out of this half-demolished glass, be was presently 
preparing to drink, when half a dozen voices at once called out, "Mon- 
sieur Ampere, eh, Monsieur Ampere, ^u allezvoiis doncfairc f" "Monsieur 
Ampfere, oh. Monsieur Ampere, what are you going to do!" But he, 
uotbing heedful of these exclamations, raised the tumbler to his lips, 
MiA. began to sip its now dangerous contents. In an instant one of the 

*A real bandima. $ Cnstomai;. 

t HaDdkerobicf . || Sagar and water. 

t A load burst of nteniment. 
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foremost in tlie daas Bpriugs forward aod seizes the old man's hand, 
another wrests the tumbler &om his grasp. A scene ! Profonnd silence 
in the class! The venerable man looks at them ironically. "Thank 
you, gentlemen ! Very kind of you 1 But you are giving yourselves un- 
uece«sary trouble ! I took it for granted that my class understood the 
laws of gravitation. With your permission, gentlemen, I will first drink 
niy eau aucree, which I want, and will then give you a hint, which you 
ai>i>ear to want" He now drank without further molestation, and then 
drawing in a long breath — "Eh! comment, Messieurs, voulez vous qu'il 
eat en du danger I Ne sarezrous done pas qm le verre est plus pesant que 
CeouP "What, gentlemen! then you thought there was some danger I 
But ain't you aware that glass is heavier than water [ And did you not 
observe how careful I was to drink the contents of the tumbler at a rea- 
sonable anglet" Then, taking up the tumbler, he continued to incline 
it over tbe table till it was nearly horizontal, and so on, till the pieces of 
glass fell out, and the class laughed. " Ah! sije I'apais bu & cette angle- 
la! — maisfai 4(4 plus adroit!" "Ah! iflhaddrunkatthisioclinatioQ! — 
but I was too knowing for that." Here (for it was at the end of his lec- 
ture that this little episode occurred) a bright-eyed damsel went up and 
asked some question respecting the course of rays of light through cer- 
tain media, but whether old Ampere referred her to his heart, as we 
tdioald have done, we could not hear. She colored, however; her eyes 
seemed pleased with the interpretation giveu to her question, whateverit 
might have been, and they walked out together — a "January and May" — 
separated only by the insecure partition of the pasteboard almauac which 
the elder of the months still kept in his hand. 
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THE SCIENTIHC LABORS OF EDWARD LARTET.' 



By Dr. F. Fischer. 



The Geological Society ot France has always paid due respect to the 
memory of the men n'bo have taken au active part in ita transactions 
and whose scientific reputation oitghc iu justice to be periietuated. 
M. Gervais, president of the society, has already expressed the uni- 
versal regret caused among lis by the death of M. Lartet, nud one of 
his pupils may now be allowed torewwthe labors of the estimable man 
whose loss we deplore. 

Edounnl Amand Isidore Hippolyte Lartet was bom on the 15th of 
April, 1801, in the department of Gers, at Saint Ouirand, near Casteloau- 
Barbareus. He was descended from a family which bad settled in the 
country at a very early date. He was the youngest of five brothers, 
with whom be was sent, for education, to the Lyceum at Aucb, and ho 
was one of the three pupils who received the medals awarded to that 
establishment by the first Napoleon. His predilections were for history 
and arcbiEology rather than the judicial sciences, but, in deference to 
the wishes of his father, after Iciiving the college of Auch he entered 
the law-school of Toulouse, where he graduated iu 1820. By a isingalar 
coincidence, Cuvier, then counselor of state, signed, instead of the min- 
i.ster of public instniction, the diploma of a youth afterwnnl to be 
distinguished in the path which this eminent scientist had opened to 
paleontology. 

In onler to perfect him in the practice as well as the theory of his 
Iirofession, he was now sent to Paris, in company with an elder brother. 
Here, while fulQUing the duties imposed upon him with that fiilelity 
which characterized Mm throughout life, he found time for his favorite 
studies. After he had mastered the rudiments of these sciences, he 
continued to pursue them, and as his store of books was not large he 
sold those he had rea<l in order to obtain others. When he returned to 
Gers be was not only prepared for the practice of the law but for the 
especial researches which afterward rendered his name iUtuttrious. 

M. Lartet, after completing his law education at Paris, settled in Gers. 
The practice of his profession was, however, confined to giving ad\ice to 
the peasants, which was the more highly appreciated because gratuitous. 
Frequent emanations of this kind from the kindness of his heart consti- 
tuted a prominent trait of his character. Impelled by gratitude his 
clients frequently brought him medals of Gallo-Romanie antiquity which 

'A triintilutioQ fur tho Suiitbaauiau Institution of "Note aiir In viC et lea rravniiK 
d'Jil. Lattct, iMir M. le doctotir Piechor, Iu & In si^ance gfin^rulo nnuiirllu Uo la S<M;ii-t<* 
g^logique de Frauco," from "Vioet travaus d'fidonard Lartet: notices et disrours 
public & I'occMiou des a mort," pp. 39-55, 
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they bail found atMtidentally, and Bach fossil bones aa bod attracted their 
attention.* One of these gifts, tbe tooth of a mastodon, seems to bare 
determined bis true vocation, and led to one of the most important dis- 
coveries in geology, that of the contents of the marlpit of Sansan. He 
soon gave himself np entirely to the stndy of geology and comparative 
anatomy. He made several underground explorations, and then, bav- 
iDg entered into communication with some of the savaus of Paris — Blain- 
rille, Arago, Flourens, Geoflroy St. Hilaire, Michelin, Desnoyers, &c., 
commenced the publication of his researches. From 1834 to 1870 he la- 
bored unceasingly in the development of new and interesting results; but 
in order to appreciate his investigations, it is, I think, neccfisarj- to group 
them under three principal heads, and to examine in snccession the pub- 
lications relating to the fauna of Sansan, to tertiarj- paleontology, and 
to the quaternary period. 

1.— OVEST10ATI0N3 EELATIVE TO THE MABL-BEDS OP SAHSAN. 

The existence of fossil bones at Simorre, in tbe department of Gers, 
had been noticed in 1715 by Bdanmnr, but no one had described tills de- 
imsit or studied its fauna. M. Lartet, who resided at a short distance 
from Simorre, and who bad discovered marl-beds much richer at Sansan, 
was surpiised to find that important diftiarences existed between tbe re- 
mains of vertebrata of these two localities. The fauna of Sansan pre- 
sented a large niunber of new species of mammals, and was terminated 
by the existeace of a stratum containing numerous terrestrial and fluvial 
molluscs. M. Lartet described tbe strata of Sansan in a letter ad- 
dressed to Oeoffroy Siunt Hillaire in 1834. Encotiraged by his dis- 
coveries, he undertook a series of methodical researches, which were soon 
to render famous the locality of Sansan as well as tbe name of the natu- 
ralist who explored it. In 1837 the work was sufficiently advanced to 
eetablhth the general characteristics of the two fauna of Simorre and 
Sansui. While at Simorre the dominant species were reduced to two 
diUotheria, five mastodons, three rhinoceroses, one pachyderm resembling 
the wild boar, one small stag, and one large rumiaaot; at Sausan the 
dinothcria appeared to be wanting; the rhinoceroses were different — ^had 
four fingers upon the fore feet. Among other mammalia was obser\'able 
one paleotberinm resembling tiiat of Orleans, one anoplotherium, one 
animal similar to the authracotherium, several stags, one antelope, one 
small ruminant, one gigantic camivore,it8 teeth indicating affinity with 
the cat and the dog, one dog, one large cat, several rodents, &c But 
the two most remarkable specimens of the fauna of Sansan were un- 
doubtedly a large edentate and a veritable monkey. Tbe edentate 
seemed to M. Lartet very similar to tbe gigantic pangolin of Guvier, 
but as its teeth were molars it could not be classed in the same family 
as tbe pangolin. As to the monkey, tbe lower jaw and its dentition 

'TbepeoaaDtesDppoge these speciuens were tbe creatioDS of tbe devil, who imitated 
in the bowels of the earth the works of the Deity, 



Diqilized by Google 



174 SCIENTIFIC LAB0E8 OP EDWARD LAETET. 

were complete — four inciBors, two caniDes, four false molarfi, six molars ; 
in all, sixteea teeth in a continuous series — the dental formula of man 
and of some monkeys. 

M. Lartet comprehended immediately the importanceof the discovery 
of the monkey of Sansan, and the influence it would have upon the prog- 
ress of paleontology. "We have here," said lie, "a mammal of the fam- 
ily of monkeys, contemporaneous with the paloeotherium and the aoo- 
plotherinu, extinct genera long considered the mo»t ancient inhahitants 
of our continents. Types of certain genera are not, theu, so receut as 
has been generally supposed. Perhaps sooner or later further observa- 
tion may teach us that this ancient system of nature, still so little known, 
was neither less complete nor less advanced in the organic scale than 
. that in which we live. M. Lartet's communication produced quite a 
sensation in the Institute, and excited a discussion the interest of which 
may be appreciated when we recollect that at this time Cuvier's "Re- 
searches on Fossil Bones" formed the alpha and omega of the paleontol- 
ogy of vertehratea. 

Ouvier, after a critical examination of the hones of men asiA of mon- 
keys supposed to be contemporary with extinct species, proved that they 
were not antheutic. He then remarks upon the tardy appearance of the 
monkey and man. It is astonishing, he says, that among all these 
mammalia, the larger number of which have living representatives in 
warm climates, not a bone or tooth of a monkey has been found. No 
trace whatever of man — all the bones of the human species hitherto dis- 
covered among the fossils were placed there accidentally. In thus as- 
sociating the time of the appearance of man with that of the monkey 
Cuvier gave great eclat to the happy discovery of the monkey of Sansan, 
as it was very probable that the discovery of the fossil monkey would 
be followed by that of the fossil man. 

The caution of Cuvier in regard to the antiquity of man has been in 
these latter days singularly exaggerated. Instead of blame he ought to 
receive praise for the precision of his researches, the most important 
result of which has been to compel the supporters of the antiquity of 
man to bring forward positive and multiplied proofs in sup{>ort of their 
hypothesis instead of premahu^ assertions. It wonld be well if some 
of the advocates of tertiary man had possessed a small portion of the 
critical acumen which was one of the most important characteristics of 
tbe mind of Gnvier. 

Blainville, who prepared the report of the communication of >I. Lartet, 
agreed with him, after the examination of the jaw, in tbe opinion that 
it had belonged to a monkt^ of the old world — a monkey superior in 
degree, ami that no living species was identical with it. From the above 
conclusion') he proceeded to the discussion of trivial and unimportant 
points of anatomy. He regarded paleontology merely as a description 
of fonsil animals compared with their liviug representatives. The idea 
of a Euccession of living beings in order of time; of the diversity of 
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tauna accordiog to tbeir geological periods ; of their con«latioii with tbe 
teiuperatnre, the extent, and the flora of ancient continents, did not 
occur to bis pnrely analytical mind. It was far otherwise with Geofitoy 
Saint Hilaire, who, notwithstanding hifi errors, his obscurity, and the 
affectation of his langnage, boldly sought to penetrate the mysterj- of a 
science still in its infancy. Geoffrey called his articles Remarkx upon 
the sinfpilar and important /act in natural hietory of the exiistcnce of a 
wpeciet of monkey found in the fossil state in the south of France. "It has 
been asserted," ho says " that the monkey of Sunsan is allied to the ape 
of the Sunda Islands, and yet the animals thus related, the one so old, the 
other uowexisting, are separated by thousands of centuries." We would 
suppose that, in contemplating fossil bones, the idea of their wonderful 
antiqnity would alone completely absorb the mind. "The discovery 
of the fossil jaw of the monkey by M. Lartet seems to me to be the 
commencement of a new era in the knowledge of the human species ; 
of new research into the distinguishing characteristics of the various am- 
bient media ; of closer a[>proximation to the laws which govern those 
grand domains of the universe, where from age to age the mutation of 
things is accomplished." 

Certainly the successful labors of modem paleontologists in relation 
to the climate, the fauna, and the flora of the tertiary and quarternary 
periods, have realized the aspirations of Geofi&oy Saint Hilaire. What 
progress has been made in this difficult branch in less thau thirty years, 
aod how much may be anticipated from the future of a science whose 
development has been so rapid ! It is easy to foresee the light it will 
throw upon the history of the evolution of life upon our planet. But 
Geoflroy Saint Hilaire went still further — the new facts disclosed by 
paleontology he regarded as so many new arguments against the theorj- 
of the fixity of species maintained by Cuvier. "The incessant muta- 
tion of things," bo writes, "is a dominant feet verified by every new 
geological discovery." We see by a review of these discussions how 
much the savans of the Institute were at that time engrossed with the 
problems of paleontology. Blainville shortly after read before the Insti- 
tute a report upon a new set of fossils from ^insan, which were described 
by M. Lartet in a letter to Flonrens. 

M. Lartet observed a singular conformation in the stags of SaDsan; 
the boms seemed the same at every age, and to all appearances were 
not dropped as those of living deer. M. Lartet proposed the name 
dicrocerus for this group of ruminants. Blainville approximated them 
to CC. muntjakj the genns cervulus, whose very promlneat frontal pro- 
longations are crowned by boms which are shed eveiy year. 

An accidental discovery, at this time, of a pecnliarity in the denti- 
tion of the rominanta of iSansan will be more fully described elsewhere. 
The evolution of the second molars is quite complete before the loss of 
the false molars or milk-teetb, while in living animals of the same group 
the milk-teeth are replaced before the appearance of the last molar. 
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Tho coiupositioD of the teeth is also not the same. Cortical or cemeot 
was Traoting in those of tho ruminants of Sansao, although found in 
the teeth of the fossil rominants of Aurergue, moat of which are more 
recent. 

These iugenions researches of M. Lartet formed the germ of a work 
which appeared in 1868, in which he laid still more stress upon the dif- 
lerences between the fossils of the same genns of successive geological 
periods in regard to the structure of the teeth and the size of the 
brain. 

In 183d M. Lartet published his first summary of the discoveries in 
geology and paleontology in the department of Oers, with an appendix, 
in which were described forty-four species of fbssil vertebrates. Another 
article, puhUshed in 1851, under the title, " Description of the Bill of 
Sanaanj" was exclusively devoted to the paleoutological examination of 
this locality, and of theother fossiliferous deposits of Gers. The author, in 
order to explain the richness of the fauna, and the profusion of bones 
t<)nnd, supposes that a lake existed at Saiisan in which the lacustrine mol- 
luscs lived, and into which the vertebrates were thrown after tbcir death. 
He shows that great difference exists between the fossil and the li\'ing 
fauna of Sansan, and will not admit that the existing animals descended 
directly from the miocene animals reconstructed by himself. Finally, 
he gives a complete list of all the vertebrates he collected, with the ad- 
dition of a catalogue of the terrestrial and lacustrine molluscs described 
by Saiut Ange of Boissy, Noulet, and the Abb6 Dupuy. 

This list, after its publication, was modified to suit the changes in 
nomenclatare, and then couflded to M. D'Archiac, to he inserted in his 
report on the Paleontology of France, (1868, p. 360.) The fauna of 
Sansan comprises seventy-one mammals, representing thirty-nine gen- 
era, eighteen birds belonging to twelve genera, twenty-eight or thirty 
reptiles, a few fishes, and forty molluscs of twelve genera, the largest 
collection of vertebrates iu our conntrj' ; and very few localities in the 
world could show a similar accnmnlatiou of animals in as limited a space. 
- In 1815 M, Lartet sent a synopsis of his recent discoveries at Sansan to 
the Institute. "About 8,000 or 10,000 remains have been collected, 
among them the bones of a large fossil edentate or Macrotherium, and 
enough parts of a dinotherium to convince naturalists that this ani- 
' mal is not cetaceoas, bnt rather a terrestrial quadruped. There is 
not a single species identical with existing forms. This special point 
on the earth's surfiace known as Sansan, has, it seems, given birth to a 
varietj' of mammals much greater than that now existing. Every de- 
gree in the animal scale has been here represented, inclnding the 
monkey. A still higher type — that of man — it is trne, has not been 
found ; bnt because he is wanting in these ancient formations we need 
not conclude that he did not exist." 

These ideas in regard to the fossil man were singularly iu advance of 
the age in 1846. It almost seems as if M. Lartet had a preseutunent of 
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the importaDt part he was to take later ia tbo scientific discussion of 
the coDt«mporarines3 of man and the large quaternary mammals. 

Tlirougb the intervention of the professors of the museum, the ground 
wbem the excavations had been made at Sansan -waa purchased by the 
government, aud M. Lartet gave to the museum his rich collection of 
fossil vertebrates, ^Uich may now be seen in the galleries of that estab- 
lisliment. In 1851 new excavations were made under the direction of 
iIM.Lanrillani, Merlieax,andA. Milne-Edwards; and in 1869 M. Lnrtet 
himself presided over some explorations, which led to the discovery oi * 
some very interesting fragments of large mammals and numerous re- 
mains of small vertebrates. 

n. — nrrasTiGATioN m begaed to tertiaey paleontolooy. 

The scientific activity of oar lamented fellow-member was not confined 
to the study of the fossil fauna of Gers, We are indebted to him for a 
number of articles upon various subjects connected with paleontology. 

In 1855, Constant Provost announced to the Institute the discovery, 
in the osseous conglomerate of iMendon, of the tibia of a bird, of a very 
large size, called Qastomis Parisienais. The zoological affinities of the 
gastornis were warmly discussed. M. Hubert considered it a palmiped, 
nearer a swan than a pelicanj M. Lartet, although he allied it to the 
lamelUrostral palmiped, thought that it came {rota a bird less essen- 
tially a swimmer; Valenciennes compared it to the albatross, and Dum^ril 
to the stork, while Bichard Owen thought it resembled the dinornia 
and large qaartemary birds of New Zealand. At this day it seems 
probable that the opinion of MM. H4;bert and Lartet was correct. 

Two years after M. Lartet described anotlier large bird, of the softened 
miocene of Armagnac, the Pelagomia mioccenus, distinguished solely by 
a humerus a third longer than that of the albatross, and consequently 
of all lining birds. The pelagomis approaches the longipeunate palmi- 
peds. 

The comparative rarity of fossil birds in ^be marl-beds surprised M. Lar- 
tet It is possible that on account of their peculiar orgauization they may 
have escaped more easily than other vertebrates the modifying influences 
of physical changes. Hence the great interest in studying them is to prove 
whether they are initially endowed with a specific power of longevity suffi- 
cient to continue them, by successive generations, down to the present 
time. 

M. Lartet, aftercunnectinghisname with the discovery of the monkey 
of Sansan, had the good fortune to describe a new fossil animal of 
the same group, the Dn/opitkccvs Foiitani, found in the neighborhood oi 
Saint Gaudens by M. Fontain. It was represented by a fragment of the 
lower jaw, and a humerus, and was found iu a stratum with the macro- 
therium, the diurocenis, and the rhinoceros, similar to those of Sansan. 

The dentition of the I>ryopitkecus places it between man and the ape: 
12 a 
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it ought, tlierefore, to be claseed witli the superior orders of the simian 
group, wbicli iuclude tlie oraug-ontang, the chimpauze, tbe gorilla, tlie 
ape, aud tbe Protopithecm antiguva of Sansan. 

lu tbe same basin of Garouue, M. Lartet discovered a now species of 

SircDian fossil, the By tiodus, whose enormously developed incisors seem 

to be related to tbe means of defense of tbe dugong. Tbe classification 

of tbe fragments, collected at Sos (Lot et Garouue,) was attended with 

, great diffleultics, which were, I thiuk, very skillfully overcome. 

The collections of our associate included numerous remains of probos- 
cidian fossils, (dinotherium, mastodon, elephant.) He saw the necessity 
of settliug first tbeir specific characteristics, aud theu of establishing 
tbeir stratigraphical age. His uudertabing was laudable and of unques- 
tionable utility, since the teeth of the proboscidians are almost always 
found in tbe tertiary and quaternary deposits. It was first uecessarj' to 
elucidate an obscure system of synouymyj tbeu to show the dental 
formula of each species, to settle tbe question of the successive evolu- 
tion of the teetb ; to fix tbe time of the fall of tbe milk tectb, and finally 
to give the characteristics of tbe persistent grinders. Such was the work 
proposed by M. Lartet in bis remarkable memoir upon tbe dentition of 
the proboscidian fossils, aud tbe stratigrapbical distribution of their re- 
mains in Europe. 

He proves the probable existence of four species of dinotberia, notwith- 
standing the large number of species described, and in opposition t4) the 
opiniou (held by several naturalists) of the union of these species into 
one, A beautiful fragment of a yonug dinotherium gave him au oppor- 
tunity of observing tbo evolution of the teeth. 

Ainoug tbe six species of mastodons admitted by him ho shows a new 
form, the Umtodon Pyrenaicua ; tbe replacement of the teeth in tbo 
mastodons was exhibited to him by tbe jaw of tbe Mastodon angua- 
tidena. Among tbe elephants he recognizes four species identifying 
the Elepluui priscaa with the elephant of Africa. 

The appearance of these fourteen proboscidians was anticipated in 
Europe by that of tbe rhinoceros. Tbe dinotherium and the mas- 
todon are fonud in tbe miocene period; but, while tbe diuotberium 
disappeared or becomes extinct in the miocene, the mastodon died out 
in tbe plioceue. Tbe elephant born in tbe pliocene disappcLired from- 
Euro|>e probably after the establishment of man in that country. 

In 185(i, 51. Lartet gave, conjointly with M. Gaudry, au account of the 
fossil fauna of Fikermi. The importance of these collections of 51. 
Gaudry in Greece are uow well known j fifteen species of vertebrates, 
represented by thirty-throe genera, bave since been described in bis 
article upon the fossil animals aud tbe geology of Greece, but in 1856 
tbe classification of the fossils had hardly commenced. There were 
'jumerous remains of monkeys, a careful examination of which proved 
bat tbo two species described by Wagner and Gotb, under tbe uames 
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of Mcsopitkectc3 Pcntelicm, and Mesopitkecue major, were only thn two 
sexea of the same monkey. 

MM. Lartet and Gaudry mention a large edentate of Greece, like the 
macrotbeiiam of Sansan; tbey also describe the Thalastictis rohtsta, 
the Eystrix primigenia, and give details in regard to several other 
si>ecie8 discovered by Wagner; bat the most valnable facts bronght to 
light by their article relate to two fossil giraffes, one of which after- 
wards became the type of the curious genus Helladotherium. They also 
pointed out the analogy between the fauna of Pikcrmi and that of 
Cocuron, and the excavations of M. Gaudry and Oucnron have since 
confirmed their views in thip respect- 

M. Lartet observed that with the most ancient ruminants of the ter- 
tiary period, that part of the molar-teeth which forms the enameled 
<trown above the socket was shorter and projected less beyond the edge of 
the alveolus than with the quaternary ruminants or existing species of 
the same family. 

51. Lartet concluded from this that the tertiary lynx, whose molars 
are nutsolougin thecrowu as in the animal now in existence, must have 
been shorter lived, since theduration of life necessarily depends upon the 
fanctional persistence of those indispensable organs of nutrition. 

He also observed that in the old mammals the size of the brain was 
small compared with that of the head, Cnvier had before been im- 
pressed by the small relalive volume of the brain of the anoplotherinm, 
and supposed in consequence tbat the animal had very little intelligence. 

The examples presented by M. Lartet in support of his thesis are con- 
clusive. Thus, the Braehyodon eoccnus of the eocene, the lophiodons of 
Issel, have brams smaller and less complicated than that of the Cacnothe- 
riwm of the lower miocene of Allier; the brain of the Mipparion hai* 
fewer convolutions than tliat of the horse ; the \vild-cat ( Viverra antiqmi) 
of the miocene of Allier has a cranial bone less voluminous than that of 
the living species, while its olfactory lobe.s are more developed. 

The size of the cranium, considered in relation to the length of the en- 
ameled crown of the teeth, induced M. Lartet to suppose that the longev- 
ity of animals increases in direct proportion to the cerebral development, 
and consequently the animals now cxistingought to bve longer than their 
corresponding types in the ancient world. 

I ought to mention among the researches of M. Lartet in regard to ter- 
tiary fauna, his latest work upon the Treckoviya Bonduelli, a rodent of 
the size of a rat, from the upper marl of the gypsum of Pautin. 5l0' 
lars with a crown similarly formed may be found among existing ro- 
dents of the American tj'iie. Among fossil rodents which have some 
relation to the TrcehoDiya may be mentioned the Tkertdomya and the 
Igopiychvs. 

Ill the calcareous formations of Gironde, M. Lartet mentions the nnex- 
peetetl association of a rhinoceros with an authracotherium and a paleo- 
therinm. These fossils were discovered by M. Delfortrie, of Bordeaux. 
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The rhiuoceros may be compared to the E. Uitidens ; the anthracotheriiim 
to the Hippopotamus leptorkynchus, of Eonzou, nearPuy-in- Velay ; the pa- 
leotlierium to a species of Paloplotherinm of the calcareous deposit of 
Gonzon. The existence of the rhiuoceros is thus carried back to the 
jtime of the paloi)lotlierium. The same relatJons hetweeu these animals 
imay extend to the beds of Hempstead, in the Isle of Wight, where there 
are hippopotami and paleotherians ; also, to Boumocle Saint Pierre, where 
the Rhinoceros Briratensis has been found associated with a paleotlierium. 
Certain tj'pes of mammals which have been for a long time considered 
as characteristic of distinct tertiary periods ought now to be examined 
carefully with reference to the age of the deposits in which they are foiuid. 

m.— BBSBARCHES EBLATIVE TO QUATEEKAKY FAUNA TO THAT OF 
THE OAVES AND TO TDAT OP THE PRESENT TIME. 

The researches of M. Lartct in regard to ouatcmary fauna, to that of 
the oaves, and to fossil man, added greatly to his reputation, and jilaced 
him among the most illustrious sarans of our country. He did uot seek 
celebrity ; modest, conscieiitio.us, aud burdened with the heavy rcsi«on- 
eibUities of an official position, he loved science for the pleasure it 
gives its votaries. His amicable relations with most of the uatumlists 
of Europe was of great advantage to him, aud his careful study of qua- 
ternary aud tertiary fauna prepared him for the discussion of the great 
question of fossil man. It was, therefore, not surprising that he should 
have distingnislied himself in tliis branch of natural science. 

The memoir of M. Larict upon the ancient migrations of the mammals 
of the present time may be considered as an iutroductiou to the consid- 
eration of the fauna of the caves. According to his observations, the 
quaternary fauna includes two distinct zoological groujis : The first is 
represeiit4.>d by the elephant of Africa, the two-homed rhinoceros, the bip- 
poi)otamus, the liou, the panther, the 8er\-al, the striiwd hyeoa, the genet, 
the wild hoar, &c., animals now nearly all African, which lived in 
Europe before, during, and alter the great migratory phenomenon of the 
north. 

The second zoological group is composed of mammals of northern 
origin, Elephas primigenim, Rhhioccros tichorhtaus, and many species of 
Europe. A few of its representatives, the musk-ox, the lemming, the 
glulton, the reindeer, since thcquatemary period, have migrated to subarc- 
tic latitudes ; others, such as tbeElepJms primigenivs, the Rltinoceros tick- 
orliinuu, Certna f)igantcns, Bos priuiigcnius, rTjswa «j>etei(s, &c., are gene- 
rally becoming extinct, in accordance with the laws which control the 
longevity of iudi\-idm\ls, and so limit tlio duration of species. 

Tnily an examination of the quateniarj' fauna is not less important 
iban that of the i>eriods which preceded and followed it, and we can 
well comprehend SI. Lartet's opposition to the doctrine, then all-i>ower- 
ful, whicli reduced to a short period of phjsical convulsions, tho time 
during which the quaternary species were developed. " This quaternary 
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period," he Hays, " which ie regarded by many as a sudden and violeot 
transition from geological to present times has probably witnessed the 
development of millions of successive geueratioDS of the mammals 
which DOW inhabit Europe, and the day may not be far distant wheo 
the woid cataclysm will be expelled from the vocabulary ot positive 
geology." 

This theory in opposition to the great effect of cataclysms upon the 
e:xi8tence of species was elaborated and supported by incoutestable facts 
iu "some remarks upon the geological antiquity of the human species, in 
SouHtem Europe," addressed by M. Lartet to the Academy in 1860, and 
printed in the Bibliotk^e de Gcn^e. 

In regard to the discoveries of M. Boucher des Perthes, £heu greatly 
contested, M. Lartet considered that all doobC would be dissipated if 
traces of human aetiou could be found upon the bones of the animals 
exhumed at the quartz works. He then sought for the quaternary 
bones described or mentioned by Cuvier, and found upon them very 
evident traces of the action of flint instruments. 

The human race who worked the quartz of Amiens inhabited Eng- 
land and France were the same. The two countries were then united ; 
tbeir separation did not take place until after the deposit of the diluvial 
banks. After that event no great catastrophe occurred in Europe; 
the water courses may have been more rapid, but they did not overflow 
the limits of their present bydrographic basins. A dozen mammals, 
more or less, disappeared by gradual and successive extinction, and the 
greaterpartof the terrestrial population passed through Che ordinary 
supposed changes of this long quaternary period. 

From 1800 M. Lartet was almost exclusively employed in the caves, 
and we are indebted to him for interesting descriptions of Anrignac, of 
the Madeleine, of Laugerie, of the Eyzies, of Bruniquel, and of several 
other celebrated localities. It is difficult to give in » limited space an 
idea of the various matters discussed by M. Lartet in regard to tliese 
cave«; questions which belong to ethnology, anthropology, primitive iu- 
dtistry and even history ; but I cannot pass over in silence the oppor- 
tune intervention of paleontology iu the chronological classification of 
the caves. 

In looking over the list of the great quaternary mammals, it will be 
seen that eight or nine extinct or emigrated species have been found 
among the remains of the caves. Some of these have never been met 
with except iu the lowest strata of these caves, where they have been 
succeeded by several zoological generations, while their presence in tho 
oldest diluvium equally attests their age. Several successive periods 
may thus be distinguished during the time of the caves. 

For instance, the Ursm spelaus seems to have appeared the earliest, 
and to have become e^itiuct before the animals associated with it. The 
Elephas primigenius and its faithful companion, the Bhinoccros tichorhi- 
nu8, are found in the diluvium, but are wanting in the peat, the kitchen 



^d by Google 



182 SCIENTIFIC LABOIia OF EDWARD LaRTET. 

i-ofuse, tlie ]acustriau habitations, &c. The reindeer, on tlic contrary, are 
still i» existence, us also the uius or bi-sou of PolaDil. 

M. Lartet divides the period of primitive huiuaiiity into four ages : the 
age of tiie bear of the caves, the age of the elephant and of the rhinoce- 
i-os, of the reindeer and of the Poland bison or auroch, but these sys- 
tematic divisions are applicable only to a limited region. lu Litlinania, 
the aurochs still exist, as in the time of Ciesar the reindeer was still an 
iuhabit-ant of the bcrcyniau forest. 

Such were the iiicts disclosed by M. Lartet by his examination of 
the cave of Aiirignac. lu his oilier excavations all bis sagacity was 
culled into play by thetigures of animals sculptured and engraved — the 
first artistic eft'ortti of the men of the caves. It would be unjust uot to 
uteution in this connection the name of the English savan Christy, who 
displayed so much zeal in the cxidorations of P^dgord, and who prc- 
|)iired, with M. Lartet's assistance, a beautiful work entitled "Eeliquia 
Aquitanka;." 

It was in association with M. Christy, that M. Lartet calculated the 
zoological population of most of the grottoes of Perigord. " A race, 
aboriginal or otherwise," he says, "inhabited this region in the same 
l>eriod with the reindeer, the bison, the wild goat, the chamois, animals, 
some of which have now representatives only in extreme climates, while 
a few descendants of others are found ou the summits of the Alps and 
the PjTenees. These i>cople were not acquainted with the use of metals, 
they lived by hunting, au<l uo auimal was domesticated by them. Their 
sculpture iudicates great artistic feeling." 

We are indebted to this artistic talent for a very satisfactory repre- 
sentation upon an ivory tablet of the Eiephas primigenins. Tliis ro- 
marliablo specimen came from the care of the Madeleine. The figure 
of the reindeer is found engraved upon many of the bones from Perigord. 

All tlie facts relative to the caves of the southwest part of France 
were to have been collected in a large volume by MM. Christy and 
Lartet, but unfortunately this interesting book was not completed, in 
consequence of the premature death of its authors. The parts published 
are filled with original research iu regard to the caves of the valley of 
Vezere, the ancient fauua of Perigord, the grotto of Cromagnon, the 
exploration of which was made by a sou of M. Lartet, and the human 
fossils of Cromagnon, &c. 

M. Lartet also examined the bones of the caves of the Maiitime Alps 
andof Herault. He found in the cave of Mars, about two miles from 
Veuce, a new species of bear, strongly resembling in some respects the 
polar bear ; this beat was associated with the leopard and the Rhinoceros 
ilerl'ti. From the rhinocei-os M, Lartet endeavored to determine the 
charfu:teristics of the quateruar>' rhinoceros, of which the affinities are 
very obscure. 

lu conclusion I would call attention to a memoir upon the fossil 
musk-ox, a portion of the skull of which was found iu the diluvium of 
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Pr6cy, (Oise.) There was Dothing peculiar in tho character of tUia 
fossil ; its classification was easily dctermiued; but its presence id the 
qnateniary i)eriod was a fact worthy the consideration of paleontolo- 
gists. M. Lartet mentions as analogous cases the reindeer found at the 
foot of the Pyrenees; the s[>emi whale of the l)one-pit3 of Montmo- 
rency, and that of the caves of Perigord, which resemble the American 
species; the bear of Gauada, which is identical with the supposed 
agouti of the caves of LiSge; the antelope found at Perigord; the 
desman, of Muscovy, in Norfolk, described by Owen nuder the name 
Palttospaiaj- ma^nm, &c. Were these consecutive changes of habita- 
tion due to elective migration ; to a forced retreat on account of the 
invasion of man, or to a gradual reduction of the species destined to 
become estinctt 

This sketch of tbc works of 31. Lartet, however incomplete, may give 
some idea of the character of bis mind. He was to the last degree 
careful and accurate in the examination and classification of fossil 
specimens ; but their character once established on a firm foundation, 
bis ingenuity, his patience, his originality, and power of close observa- 
tion frequently from facts apparently the most sterile, developed very 
nnexpected and interesting results. The definition of genius, as 
applied to a well-known naturalist, " genius is patience," was fully 
exemplified in him, and be was never more patient than during bis 
excavations in the caves, while in his application of paleontology to 
the classification of the fossil specimens found there, be truly acted as 
a pioneer In this branch of science. 

In the latter years of bis life M. Lartet, whose modesty equaled his 
wisdom, received many marks of honorable distiDCtion. He was elected 
to preside over the Geological Society in 1866 ; shortly after the Anthro- 
pological Society gave him the same testimony of esteem. He was made 
President of the International Arcbteological and Prehistoric Anthropo- 
logical Congress, which was inaugurated at Paris in 1867, and which 
claimed the honor of having originated theories in regard to fassil man. 
He was appointed a member of the commission for the EUtorn of Oie 
Transactions of the Exposition of 1867, and took an active part in the 
organization of the very interesting anthropological galleries. He ren- 
dered important assistance in the formation of the museum of Saint Ger- 
main, and was made an officer of the legion of honor at time of its in- 
auguration. In 1869 be was elected by the professors of the museum 
to the chair of paleontology, made vacant by the death of ^I. d'Archiac, 
whoso loss was deeply deplored and whose memory will always be vene- 
Tate<l by the Geological Society. 

M. Lartet was sixty-eight years of age when he entered upon bis pro- 
fessorship ; he had never undertaken a course of public instruction, and 
felt the importance of the task imposed upon him. He prepared a cer- 
tmn number of lectures, but unhappily, to his great regret, his health, 
abeady impaired, prevented a full exposition of his views in regard to 
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tertiary fauua. His physicians soon interdicted all iatellectaal work 
and recommended his retarn to his native air as the only hope of recovery. 
He left Paris in the early part of Augnst, a prey to the most gloomy 
presentiments, and had hardly arrived at Gers, near Sansan, the scene 
of his former labors, when he was heart broken by the national misfor- 
tunes of the French, at the time of the foreign invasion ; his strength 
failed rapidly, and he expired ou the 28th of January, 1871, less than 
two years after his appointment by the musenm, beqaeathing to ns an 
example of a life honorable, disinterested, and entirely devoted to science. 
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AS ADDRESS DELIVEEED AT THE ANNUAL COMMENCEMENT OF THE 
WORCE8TEE (MASSACHUSETTS) FREE INSTITUTE OF INDUSTRIAL SCI 
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Bv PnoFEasoR Andrkw P. Pbadodv, of Hakvaki) Coixzge. 



Many years ago tbere was a atrong feeling tbrougboat Kew England 
in bebalf of maoaal-labor schools (so-called.) I think I am right in 
Baying that the experiment, wherever tried, failed. The reasous are 
obvioas. The labor-was not skilled labor, and therefore gave no mental 
revenue, and very low wages. It was merely a clamsy endeavor to 
enable poor yoang men to pay by the least remaDcrative kinds of work 
for tbeir board and tuition at a half-time school. The hand-labor not 
only tanght them nothing, but stapifled those of them for whom that 
work remained to be wrought. Most of them, however, started with 
not a very large or active brain-capital; for so slow and limping a gait 
bad few attractions for youth of genius or ability. 

This institution is at the broadest remove from those, in theory and 
in practice. Its name so implies. It is an institute of industrial science. 
Its labor is brain-work ; its machine-shop is a recitation-room ; its me 
chanical processes correspond to the collegian's drawings on the black 
board; its fiuished products, to bis corrected and approved diagrams. 
Its object is to train liberally educated mechanics and artisans — meo 
who shall start in life with progressive ideas and the power of rapia 
self-advancement; who shall diffuse intelligence while they create 
values; who shall adorn as men the society which they enrich as opera- 
tives ; who shall have, independently of their callings, a selfhood im- 
measurably more precioas and more honorable. 

In addressing the students, graduates, and friends of this institution, 
I have chosen for my subject the worth of an extended education to 
mechanics and artisans. 

Suffer me to begin with the lowest consideration, that of money's 
worth — the lowest as it is commonly called, yet by no means to be 
despised ; for though we have the best antbority for saying that "the 
love of money is the root of all evil," this love and the sordid qualities 
which it implies and engenders are, I think, ofteuer produced by pinch- 

' FoniUhed bjr the Author for pablication by the Smithjooitui Institntion, at its 
Bpecial request. 
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iug penury tliau by eurued and merite<1 prosperity ; whUe the position, 
influence, and capacity of usefulness whicli money confers are worthy 
of every man's strong desire and honest endeavor. Especially do they 
auit the ambition of liim who may bojie to enrich himself by the crea- 
tion of values, and not by speculating upon them. 

Let us analyze the price of a finished commodity. Here is a lathe, or 
an air-pump, or a steam-engine, held at a certain price, which, where 
competition is free, very nearly represents its exact value. That value 
is composetl of three parts : the wages of labor, the wages of skill, and 
the reimbursement and profit of capital. 

The wages of labor, that is, of mere physical force, or of i>rocesse8 
which require no knowledge or discretion, constitute the smallest part 
of this value. Labor can never earn more than a mere subsistence, nor 
ought it to earn more. Left to itself, it cauuot produce more than 
enough to sustain a meagre, starveling life. The aborigines of North 
America had dwelt on this soil for hundreds, perhaps thousands of 
years, yet had not only accumulated no wealth, bnt were unable, ex- 
cept at rare intervals, to secure a satisfying supply for the rudest wants 
of nature. A New England farmer, even with the ownership of his 
land, if he apply no skill or science to bis farm, though he, his wife, and 
his children toil incessantly, can obtain barely the necessaries, hardly 
any of the comforts of life. Now, the wages of labor must be measured' 
by its protlucts, and by this measure will generally fall short of the cost 
of comfortable living. They somewhat exceed this standard in our 
country at the present moment. ■ The reason is that in the development 
of onr resources, the construction of railways, and the opening of fresh 
soils, the demand for manual labor keeps a little in advance of the sup- 
ply. But what mere bone aud muscle can earn in an old and settled 
community, what their earnings tend to become and may very soon 
become hero, may bo learned by the wretched pittance of English opera- 
tives, not sufQcient to save their fitmilies from a death-rate which shows 
that poverty is no less destructive than pestilence. 

Moreover, low as these wages are, the tendency in a fully-settled 
country is to a still farther decline. Though production may increase, 
the demand for unskilled labor diminishes. The time was when all 
work was done by hand. Now, machiuery driven by steam or water- 
power supersedes the greater part of hand-labor. All the strong men in 
the habitable world could not exert the amount of physical (Jower which 
is at this moment at work in the little island of Great Britain. The 
substitution of machinery for human strength is still going on. St«am 
is replacing even the shovel and the pickaxe ; and the time will come 
when the Briarcan steam-engine, with its fireman and feeder, will every- 
where do the work which a hundred arms do now. The supply of labor 
thus tending constantly to exceed the demand, its wages must sink 
very nearly to the starvation |>oint. 

The second part of the price of a manufactured commodity is the 
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wages of skill. This is distributed amoug the workmeu employed, Iq 
proportion to their iCHpectivo degrees of sliill.- He wbo cau work ouly 
as a journeymen under the direction of others, or who cau iierform but 
a single and not very diiricult process in a complicated piece of work, 
receives a somewhat higher compensation than he would (let for carry- 
ing a hod or shovelling earth, and this slight advance is the price of the 
imperfect training and the moderate degree of brainpower which he 
puts into his work. He, on the other hand, who understands every 
part of his business, who can knowingly direct the labors of others, 
who can insure for the articles of his manufacture the highest reputa- 
tion, and can be relied on for the fulfillment of his contracts, cau ob- 
tain a price fully proportioned to his superior skill and ability. His in- 
come is a compensation for the amount of labor which bis skill 8U[>er- 
sedes. A part of tho saving iniu^s, indeed, to the public in the cheap- 
ening of the commodities produced, but a large portion becomes the 
legitimate recompeuse of his own skill. Competition will prevent his 
receiving more than he fairly merits. The master- machinist or manu- 
facturer, who has some hundreds of operatives under his employ, even 
though he have twice or three times the salary of tlie governor or chief 
justice of the State, earns all that is paid to him, and is at the same 
time a public benefactor to a very large extent; for the commodities 
-that he furnishes would, under a less skillful snperiutfindence, be pro- 
daced at a mnch greater cost. But for skill like his, clothing and fur- 
niture, that are now within every one's reach, would be too expensive 
for the means of any save the richest purchasers. 

But this skill, except in the rarest instances of mechanical genius, 
is to be acquired by education alone, and uot by the mere training of 
the hand, but eqnally of the brain. The skilled laborercaunotdispcnse 
with the knowledge of chemistry, physics, and mathematics. By chem- 
istry he must learn the proiK-rties of materials, their proportions and 
laws of combination, the action upon them of oxygen and hydrogen, of 
heat, light, and electricity. By physics he must become acquainted with 
the mechanical powers, the strength of materials, the effect of friction, 
the constants and variables which must always be taken into the ac- 
count to preventeitherthe deficieucyorthe waste of force. Bntphysics 
is a mathematical science, and chemistry has become one; indeed, till 
it was one, it hardly merited tho name of science. Without a very 
tboi-ongh mathematical training, neither chemistry nor physics can be 
so uaderstoo^l that the artisan can have a fair command of his mate- 
rials, instruments, and forces ; cau meet unexpected exigencies j can avail 
himKclf nnderstaudingly of improved processes; can calculate results, 
economize resourees, and give his products their highest degree of i>er- 
fection. Then, too, tho skilled artisan needs general culture. iJe is to 
conduct correspondence, to treat ou equal terms with men of int€lli- 
geace and education, to maintaiu in society a position worthy of re- 
spect and confidence, to do his part toward raising his special calling to 
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the rank of a liberal profession ; for this is wliab the varioaa depart- 
mentB of mechanical art-oaght to be, and tbey will be thus called and 
recognized, so for aa their professors show themselves men of liberal 
nurture. 

The third part of the cost of a commodity, is the reimbnrsement and 
profits of the capital expended in buildings, machinery, and raw mate- 
rials. Capital is, in fact, the accumulated savings of the wages of skiU. 
Labor creates all values. But, aa we have seen, mere hand-labor can 
DO more than support the laborer; it leaves no surplus to be saved. 
Skilled labor, on the other hand, creates more value than the laborer 
consumes, and the snrplas remains in band — in tlie rnder states of so- 
ciety, in sucb wealth as can be locked up in coffers, wardrobes and 
granaries ; in a more advanced community, in sucb forms as admit of 
its expenditure in industrial operations. By laws, which I have not 
time to expound, but as inevitable as those by which the little streams 
of a valley lose themselves in the river that drains it, small capitals 
tend to run together, and thus to form the large capitals, which are the 
object of so much senseless jealousy and hostility. These large capi- 
tals are iudispensable to the stability of industrial operations ; for even 
in the most lucrative descriptions of business there are not nnfrequent 
seasons of stagnation and reverse, which would be ruinous, were there 
not capitals ample enough to keep the wheels of industry in motion 
without immediate revenne. 

Capital ought to earn much more than the mere support of its holders 
and managers. It ought to have such profits as will lead to its own 
large annual increase, which is needed, in part, to replace the immense 
amount of property anDually destroyed by fire, storm, shipwreck, and 
disaster, and, in part, to meet the essential outlays for the industrial 
demands of a population growing rapidly, both in number and in wants. 
Here let it be remembered that all capital, in order to yield a profit, must 
be used for industrial purposes. The hoarding of It is a mere fiction. 
It must all be worked over, and the labor and skill which it employs 
must be paid for before the capitalist receives the first dollar of his in- 
come. It will be observed, also, that large capitals, so far from super- 
seding, utilize, protect, and cherish small capitals, however invested, 
whether directly in industrial enterprises, or indirectly through banks; 
and while the absorption of small capitals is constantly going on in a 
healthy condition of society, their creation is more rapid than their ab- 
sorption, a« in a rainy season the brooks and streams receive from the 
heavens more water than they can carry into the river. 

Now the point which I wish to urge is this: By the edacatron given 
nere, the mechanic or artisan is enabled to secure for himself at once 
the wages of labor which will feed and clothe him, the wages of supe- 
rior skill which will yield him a surplus reveime, and the profits of 
capital, by the investment of his savings year by year, and of the con- 
stantly increasing income of those savings. This, indeed, is the proper 
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wny of settliag the c^nfliRt between labor and capital. Every skilled 
laborer belongs to both parties, and iu fighting against capital he is at 
war with himself. If he begins life poor, his interest may, indeed, then 
seem to be on the side of labor; but with every year's savings it is 
more and more for his interest that capital shoald yield a remunerative 
iDCome, and the very measorcs which, if succeasful, would impoverish 
the millionaire, would render his modest surplns earnings unproductive 
and their investment insecure. The gra<luates of this institute may re- 
gard themselves as capitalists in the near future ; for the brain-power 
that is furnished here is the very material from which wealth is created. 
Were I familiar with the names in Worcester, I know that I conld point 
oat to you not a few of the proprietors of these great maoufaetDiiDg 
establishments, who came hither with no resource except hands and 
brain, and have fairly earned, by industry and skill, every dollar of the 
tens and hnndreds of thonsands which it may be literally said they are 
worth; for, though a man may not be worth all the money he has, he is 
worth all that he has honestly acquired. 

But there are higher grounds on which institutions like this should 
be cherished. We are training in our schools of industrial science dis- 
coverers and inventors in their several departments — men who will 
shorten and cheapen the laborof production, introduce new applications 
of science to the useful arts, and add permanently to the wealth of 
humanity by indnstriat improvements. 

There arc some families in the vegetable creation — dioecious, so 
called — in which the fructifying pollen and the fruit-producing blos- 
some are elaborated on different plants. Similar has been the case, for 
the most part, in the industrial world. Inventions have generally been 
the joint product of two verj' different classes of minds, neither of which 
could have effected anything without the other ; and, not nnfrequently, 
between the two an important invention has been kept for* many years 
in abeyance, and, when fiually perfected, has been of doubtful or dis- 
puted parentage. The germinal idea or principle has been conceived 
and suggested by a man of learning, science, and studious and reflective 
habits, but of no practical skill. He has tried in vain to embo<ly it; 
has encountered, it may be, ridicule, opposition, contempt. Perhaps, 
afteryears of fruitless endeavor, he has lapsed into unhonored penury or 
death. His idea has been taken up by some man who had the skill to 
actualize what he had not genius or knowledge enough to originate, 
and he has reaped the honor and the profit of his predecessor's uncom- 
pensated study and toil. As by the old slave-law the child follows the 
fortunes of the mother, so the invention — the brain-child — is, by gcn- 
eneral consent, accredited, not to the fertilizing mind, but to the pro- 
ducing hand. 

An obvious instance may be found in the liistorj' of the nppliention 
of ether as an aniesthetic agent. You know that Drs. Jackson and 
Morton both claimed the invention, and both, I believe, with equal 
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trutl), tliough by the law which I have specified the right was Morton's. 
Jacksou couceived the idea, for which Morton's scientific knowledge was 
inadequate. Morton contrived means for the successful experiment, for 
which Jackson's practiwil skill was inadequate. Had Jackaon been a 
practising dentist as well as a chemist, or had Morton been a scientifi- 
cally educated man as well as a dentist, either might have borne the 
undisputed honor of discoverer and inventor. 

Id a certain sense inventions are said to be the work of their age 
rather than of individuals ; but they have generally been a little behind 
their age. A new and fmitfol idea has commonly been current in the 
scientific world for a generation or more, before it has been actualized, 
and this for the simple reason that the scientific men have not had the 
skill requisite for snccessful experiments, and the men of practical skill 
have not had Bcience enough to recognize and welcome the dawning of 
any new light. Thus, jin invention of prime importance has often hov- 
ered long within the near reaeh of both speculative and practical men, 
waiting for that conjunction of Bcienc-e and skill without which it could 
not assume an avaihible form ; and when it has been at length brought 
forth, many had approached so near it and had so distinctly antici- 
pated it as to claim with entire honesty the merit of its inception. 

The history of steam-power aflords numerous illustrations of the prin- 
ciple which I have enunciated. A full century of exi>eriments by spec- 
ulative philosophers on steam as a working force had elapsed — with the 
construction of various forms of machinery, which demonstrated its 
potential efficacy, yet were too cumbrous, or too frail, or too restricted 
in their range of work to be put to any use, *xcept for pumping water 
from mines — when the steam-engine, with its cylinder and piston sepa- 
rate from the boiler, came from the hands of Newcomen, the blacksmith, 
and Cawley, the plumber, about the beginning of the last century. 
Some sixty years later, Watt conceived the idea of a separate condenser, 
to save the loss of power and the waste of fuel by the alternate heating 
aiid cooling of the cylinder — a contrivance which alone and at once 
]ilaci'd steam in advance of all other mechanical agencies, and gave sure 
presage of its enduring and world-wide supremacy. But he, though a 
mechanical genius of the highest order, was hardly more than a self- 
taught workman, having had but a single year's apprenticeship to a 
Loudon mathcmatical-instnimcut maker. His conception and foresight 
of his great invention were clear and vivid ; but his own working-power 
was very limited, and iu all Glasgow he could not find artisans capa- 
ble of the delicate workmanship required, the collective skill of the city 
not sufficing for the casting and boring of a cylinder, while a hammered 
cylinder left fatal interstices between its inner surface and the piston. 
After fourteen years of speculation and experiment he had got no 
further than to show that he ought to have succeeded, and was yielding 
to despair under the pressure of poverty and repeated failures, when he 
entered into partnership with Boulton, a trained and skilled mannfac- 
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tnrer lu iron aod steel, in Birmingham, the emporium of skilled labor 
for the British Empire. Under these new auspices bis progress was a 
continuous triumph — a triumph which, however, was his, oul.v because 
his partner was a just and true-hearted man; for it is under precisely 
such circumstances that in numerous instances the actual inventor has 
dnccumbed to the skilled itud able artisan, while Boultoii left to Watt 
the fame that was his rightful due, and took care that his long years of 
toil aud want should be crowned by an old age of ease and afHueuce. 

Attempts at navigation by steam were made at intervals for a century 
and a half, or more, but generally by men who had more science than 
art; oft«u by those who bad neither, but only a vague couceptiou of the 
capacity and destiny of this mighty agent which was to inaugurate a 
Qew era for human industry and enterprise. Someof theAe ex[>i?riment8 
were partially successful, yet failed to combine the essential conditions 
of power, speed, mauageableness, dbd durability. Fitch, bad he beeu 
a well-trained mechanician, would undoubtedly have antedated by sev- 
eral years the establishmentof steam-navigation on our western waters. 
But the glory was reserved for Fulton, who, though not educated as a 
mechanic, had made himself one by taste, study, and matured practice, 
aud was us familiar with the details of material, method, and workman- 
ship as with the scientific conditions to which all these are sabservieut. 
Yet even he was retarded in the successful execution of his plans by 
the fact that he was not by profession a machinist or a ship-builder. 
The idea, full grown and available, preceded Its final embodiment by at 
least fourteen years, an iutervnl in which he had experimented in France 
rader disadvantages aud discouragements that would have been fatal 
to the scheme, but for his indomitable elasticity and hopefulness. Had 
he been master of a machine-shop or a building-yard of his own, he 
would undoubtedly have launched the Clermont not later than the first 
year of this century instead of the seventh, and would have been spared 
the litigations with rival claimants which imbittered the residue of his 
life, aud hastened its close, leaving, as his biographer says, for " the only 
patrimony of his children, the load of debt which their parent con- 
tracted in those pursuits that ought to command the gratiUtde, as they 
do the admiration of mankind." 

Of the disabilities under which an inventor may labor in consequence 
of his not being an artisan by profession, we have a striking illustration 
in Eli "Whitney, the inventor of the cotton-gin. In his case the concep- 
tion an<l the execution were united. He was a man of thorough literary 
and scientific education, aud at the same time of a native mechanical 
genius, which attested itself in his very boyhood by the manufacture of 
tools, cutlery, and musical iustrnments, of peculiarly good «piality and 
tinisb. After graduating at Yale College he went to Georgia under an 
eugagement as a teacher. Cotton was at that time almost worthless as 
a staple of agriculture and commerce, as it could be cleaned ftom the 
seed only by hand, at the rate of a pound of the gross cotton per day 
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for each laborer. He saw at ooce the possibility of performing this pro- 
cess by machinery, aod coostracted a rude and imperfect model, worked 
by hand, which turned oat fifty pounds of the cleansed staple per day. 
But he fouud in Georgia neither the workmen nor the materials for per- 
fecting his iuveution or for maltiplyiog his machines. It took him 
years to get the manufacture well under way. Meanwhile, in the eager- 
ness for the use of this wealth-yielding process, his patent-rights were 
ignored ; cotton-gins embodying his principle, with trivial variations, 
were multiplied j the interest of intrusive manufacturers and that of the 
planters who adopted their contrivances, and thus laid themselves open 
to legal prosecution, were arrayed agiuust him, and elicited a strong 
public sentiment to bis pr^udice ; sixty suits were instituted before he 
obtaiued a single legal decision in bis favor ; and his invention, which 
at once raised the whole southern section of the country from thriftless 
poverty to abounding opulence, wut to him never worth the parchment 
on which bis patent was engrossed. 

TSovf the effect of institutes like yours is to replace the dioscions by 
moncBcious trees — to have the pollen and the fruit-buds grow on the 
same stalk. You have here, students and graduates, all that careful 
training can do for you to make you discoverers and inventors — to en- 
able you both to initiate and to actualize industrial improvements, and to 
reap, without hinderance or rivalry, your merited honor and recom- 
pense. Moreover, nothing less than this training can put yon ou the 
arena with the promise of success. No accurate practical results can 
be reached without the most pxact calculations ; for, whether man 
kno^, or be ignorant of, the laws of number and proportion, all sub- 
stances and forces in nature obey them, and man masters nature only 
by making them his rule and measure. 

Your literary education here tends in the same direction. Especially 
is this true of the command you acquire of the French language. He 
who would contribute to the Industrial advancement of mankind must 
know what others have thought and done, how far each separate art 
and science has advanced, what unsuccessful experiments have been 
made and therefore need not be repeated, and in what directions men of 
learning and skill are lookingforthenewligbtof which they may uncon- 
sciously bo the harbingers; and the French has been for more Chan a 
century the mother-tongue of science and the useful arts, abounding 
equally in encyclopedic works and in monographs, and presenting the 
most advanced views in every department of physical philosophy and 
of practical technology. 

With these exercises of the schoolroom you have the education of 
the workshop, far more systematic, comprehensive, and exact th.in 
could fall to your lot under the best private auspices. You thus will 
be prepared to execute or direct your own plans, to embody your new 
thought in wood, steel, or brass, and to insure for yourselves a fair 
trial of whatever pittcess or agency may seem to you an improvement 
on the past. 
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TIiJDk Dot thnt the canon of inventive genins is closed. It is but just 
opeuing. Agents may be siumbeiiugDnrecognized that shall supplant 
those DOW in the ascendant. Steam — the sovereign of oar time — may 
yield the sceptre to a mightier energy. The power now obtaiiied by 
the holocaust of forests and the disemboweling of the solid earth may 
be replsiced by some one of those elementary forces which " spread 
nndivided, operate anspent." The general use of condensed air for por- 
poses of locomotion by land and water is now as probable as that of 
ateam was a centoryago; and Ericsson has advanced aa far in the 
former us all the predecessors of Fulton had done in the latter. How 
know we that Che electro-magnetic force which we have harnessed to 
onrthooght may not one day bo yoked to oar railway tmiiist Who 
can say that the pretended generation of light and heat for common 
uses by the decomposition of water (the ramor of which, if I mistake 
Dot, emanated from this rerj' city,) while an andacious impostnre, may 
not have been an unintended propbecyt Who knows but that the still 
deficient directing and impelling force may yet be so applied as to give 
certainty and calculable ntility to aerial navigation T Then, too, in 
many of our established processes, machines, and modes of locomotion 
there are still limitations, liabilities to accident, possibilities of added 
speed or efficacy, in fine, a thousand directions in which inventive talent 
may be fruitfully busy. Nor is there any invention, however insignifi- 
cant it may seem, which malti]>lied, aa it may be, by thousands or mil- 
lions, and extending into an iude6uite future, may not carry with it an 
mitoKl saving of cost and labor, and in many ciises, even of life. The 
invention which in the least degree facilitates industry, and increases 
and cheapens its products, is a benefaction to society which will im- 
measurably ootweigh and outlast the most munificent gifts that wealth 
can bestow. It is by such charities that many of you, I trust, will luo 
honor to your calling as liherally-edacated artisans. 

Peruiil Die now briefly to advert to the need which our country has 
of institutions like yours. Nothing is more evident than the over- 
crowding, at the present time, of every department of commerce. Up 
to a certain point commerce is, like the mechanic arts, a creative pro- 
fession. A commodity is not a finished product till it is brought within 
easy reach of its consumer, and the merchants — wholesale and retail — 
who are needed for the successive stages between the producer and the 
consumer are to that extent co-agents in the production, as are also the 
bankers and brokers who supply the necessary funds and facilitate tho 
essential pecuniary arrangements. But when members of the mercan- 
tile profession are so needle^ly multiplied that they create suiteruu- 
merary stages in the passage of goods from the producer to the con- 
sumer, iuterpose to arrest instead of fucilitating their transfer, levy 
black-mail on every commodity in the market, and get for themselves 
the lion's share in its ultimate price, they then intlict a grievous wrong 
on both parties — they make their saperduous profit on the spoils of 
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both; on the ooe bsod Bcanting tfao wages of productive iodastr;, oo 
the other hand crampiug the consumers' parcbasing power. 

Tbatthis is tbe coDditiou of things iu our country at tbo present time, 
there can l>o do doubt Tbe reason, too, is obvious. Oar schools edu- 
cate our young men to a point at which they feel that they sacrifice 
their self-respect and sink beneath tbeir proper level by bteoming mere 
laborers, or mere routine-mechanics, especially wheu they are thus 
placed by the side of, or brought into competition with, the hordes of 
uneducated and rude immigrants that crowd our labor-market. Those 
who were themselves content with baud-labor are ambitious of a 
higher destiny for their sons. Hence the rnsb into commerce. Hence 
tbo scores of applicants for every vacant clerkship. Hence the spec- 
tacle — equally ludicrous and sad — of hands that could wield the sledge- 
hammer, measaring tape, drawing soda-water, and weighing sugar- 
plums. Everything that can by tbe broadest construction call itself 
trade or commerce deems itself respectable ; and therefore our towns 
and cities are supporting twice the number of shopkeepers that they 
need, and sustaining able-bodied men, too, in paltry commercial in- 
dustries, which yet would give a competence to our thousands of starv- 
ing women and girls. 

To restore the deranged balance of society, its old honor mnst be 
rendered back to labor. Industrial pursuits mnst be raised in respectoi- 
bility and dignity above the lower walks of commerce, and fully to a 
level with its higher departments and functions. Both agriculture and 
handicraft must be made liberal professions. This can be effected only 
by stocking them with men of liberal culture ; for it is not the profes- 
sidn that gives character and standing to the man, but tbe man to the 
profession. Our agricultural colleges and our industrial institutes are 
supplying the needed culture, and aregoingto replenish the field and tlie 
workshop with a now order of large and bigb-minded operatives, men 
of liberal tastes, pursuits, and aims, who will do honor to their respect- 
ive callings, and make them seem worthy the noblest ambition of the 
aspiring youth of the coming generation. The successful impulse has 
been already given. It is already no uncommon thing for the graduates 
of our best colleges to pa^ at once int« the machine-shop or tbe factory, 
and to go through tbe entire novitiate as a raw apprentice might. It 
has, indeed, been demonstrated, and it will soon be made apparent to 
the whole world, that there is no department of productive industry in 
which genius, talent, science, and learning may not find fit investment, 
ample room to grow, and adequate social position and honor. 

There are other points to which I would gladly ask your attention 
bad I not taxed it so long, But I cannot close without reminding the 
students and graduates of this institute that education has, or ought to 
have, a higher use tbau what we call its use. We are too apt to tbink 
of tbe course of early study and discipline, chiefly as a specific prepara- 
tion for one's business or calling in after-tife, as tbe means of becoming 
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a good lawyer or pbysician, merchant, mechanic, or farmer. This, how- 
ever iuiportaat, is bat a secondary purpose. Yon might better be, my 
young friend, a beaver or a sparrow, if skill as an artJBan or a fabricator 
seems to you the great aim and end of life. Over and above yonr pro- 
fession, exceeding it, mastering it, should be your selfhood, your man- 
hood, yoor being as a thinker, a kuower, a member of human society, a 
child of Ood, aa immortal soul. Your oonrse of instruction here has its 
highest value in giving yon real knowledge, materials for thought, 
stimulants to mental activity, and, withal, food for your moral, spiritual 
nature. In the laws of the materiul universe, and especially in the 
necessnry and eterual laws that underlie all mathematical science, you 
enter into close contact — I would that yon might ever know and feel 
it — with Uie Infinite mind; you become conversant with forces which 
are bat the multirorm, yet undivided. Omnipotence. In the study of 
phyucal science you are within temple gates and on holy ground. ' Let 
then these pursuits into which yon are here initiated for a life-long self- 
training, vindicate their claim to be regarded as liberal studies by the 
breadth and depth of thought, sentiment, and character which they 
inspire and cherish, by the high type of manhood which they fost«r, by 
the noble lives to which they give the impulse. 

Bemember, above alt, that your ultimate success depends on charac- 
ter. Oeuins and skill, nnsnstained by character, will but glitter aud 
vanish. Industry, probity, chastity, sober habits, a quick and healthy 
conscience, are worth fully as much in the mere material interests of a 
life of aven^ duration as they are in the judgment of God and in the 
esteem of good men. Young persons are very apt to discriminate be- 
tween preparation for this world and preparation for the world to come. 
To one who has lived as long as I have, the two seem identical. Could I 
start at your age with the fruits of my three score years of observation 
and experience, I should take precisely the same route to the surest and 
highest earthly success, emolument, and houor, which I would take as 
tbu nearest way to heaven. 
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Althongh bodies haviog tbe properties of acids, as, for ioatance, tar- 
taric, citric, and malic acids, had long been known to exist in certain 
vegetable and animal snbstances, it was reserved for oor eeutury to dis- 
cover bodies of alkaline or basic properties in the organic world. A 
chemist, Sertilnier by name, first sncceeded in isolatiug morphine from 
opium, the long-known jnioe of tbe poppy, obtained by making incisious 
into the capsules, and afterwards drying the product in tbe air. 

Little attention was at first paid to this discovery, l>ecaa8e all the 
energies of chemists had been turned to tbe study of inorganic chem- 
istry; it was ont of the regular line of research at the time, and, 
therefore, remained isolated and nnappreoiat«d. When, however, sev- 
eral years lat«r. Gay Lussac showed the importance of Sertiirner's dis- 
covery, and proveil himself, in a dissertation published in 1816, that 
morphine act«d like an alkali in regartl to vegetable colors and acids, 
his work became the incentive to a search for similar bodies in such 
plants as were known for their sanative or poisonouH effects. In many 
cases their active principle was fo'nnd to consist in an alkaline substance, 
combined with an organic acid, and hence called an alkaloid. 

Pelletier and Caventon found alkaloids in PeniTian bark and in the 
titrycboeacese, and in 1826 Unverdorben succeeded in artificially preparing 
several alkaloids or organic buses by the dry distillation of boni, Itones, 
and other animal BubstanceB. These discoveries gained for orgmic bases 
a place among tbe most important and interesting bodies in chemistry, 
and many chemists devoted themselves exclusively to their study. 
Theoretical considerations concerning tbe nature of organic baeies 
caused their more extended investigation. These theoretical considera- 
tion were founded upon the interesting fbct of the similarity of all 
these bases to ammonia. In the natural alkaloids tbe similarity consists 
chiefly in the chemical equivalents, but in tbe aniflcial bases lately dis- 
covered it is also exhibited in their physical i)ropertieB. 

These facts have led to the supiK>sition that there exists an intimate 
relation between tbe organic bases and ammonia. Berzelius, indeed, 
suggested tbe probability of the preexist«nce of amraouia in all these 
bases; while Liebig, in the first volnuie of his Dictionary of Chemistry, 
(Handworterbuch der Chemie,) developed a theory concoruing their cod- 



OBOANIC BASES. 197 

atitnHon, wbicb forms tbe basts of our present views as to tbis Interest- 
iog branch of cbenitstry. He assamed that ammooia was tbe type of 
all organic bases, and that it was itself such a base, of the simplest 
composition. Ammonia consists of only two elements, containing one 
atom of nitrogen and three uf hydrogen in one molecule.* Liebig as- 
somed that, in the organic bases, a part of the hydrogen was replaced 
by other radicals, composed of several elements; these bases might 
therefore be considered as made up of a compound radical and a combi- 
natipn of one atom of nitrogen with only two of hydrogen, the other 
atom of hydrogen being replaced by the new radical. The compoand 
tbns formed ia called amid.t Such a base is called an amid base.} 

Liebig developed this idea in tbe clear and ingenious manner peculiar 
to himself, and expressed his views concerning the probable nature of 
compounds which conld be formed from amid and tbe alcohol radicals. 
Ten years later his ideas wore verified by experiment. Etbylamiue, and 
a whole series of similar bases, were produced by Wurtz in Paris in 
184d. 

These discoveries of the celebrated French scientist justly excit«tl un- 
nsual attention, which was still increased when A. W. Hofmaun and 
Wurtz demonstrated that not only one atom of Itydrogeu in ammonia 
could be replaced by sn alcohol radical to form amid bases, bnt that 
compound radicals coald be snbstitated for two, and even for all three, 
atoms of hydrogen. These bases might be designated as primary, sec- 
ondary', and tertiary amid bases, according as one, two, or three atoms 
of hydrogen of tbe ammonia have been replaced by compound radicals. 
(In English treatises on chemislry they are usually designated as amid, 
imid, and nitril bases. — The Traiulator.) Tfaeircbemicalformnlie are rep- 
resented by the following table, in which A, B, C, stand for the compound 
radicals. 

t. AtDid baoo. Imld bMe, Nitril boM. 



As Hofmann has shown later that there is a series of compound rad- 
icals vhich may replace two atoms of hydrogen in the doubled formula 
of ammonia, prodncing a second extensive series of bases, whose com- 
position is expressed in the following table, where A' B' and C repre- 
sent the compound radicals. 



H,Sd, 



B'Sd. 



If we suppose only 52 such compound radicals capable of replacing 
one atom, and 32 of replacing two atoms of hydrogen, we obtain 
35,000 niillious uf possible compound organic baaea. 

' Tbe symbol 'S, (Ditrof[«D,) in obemicol foriuulffi, meaaa one atom of oitrogeu, and 
B ODO atom of bydrogen. The formula for ammoDm is therefore; H+H+H+N= H|N. 

I The chemical forDiDla of amid is therefore : H; N. 

t Tha fonDtila Ibr on omidogen baae is : A-(-Hi N, in whiah A stondB foi a compound 
ndioJ. 
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This enonnoDS nnmber sbovs how impossible it is, in spite of the 
most perseveriDg labors, to become acquainted witli more tliaQ a very 
small proportion of these compoands. This very nnmber m-ges as to 
fttadf ODiy the prominent lepresentatiTes of whole sraies, aod to give to 
tbem OUT whole time aod energies. 

From what has been said in regard to the composition of organic bases, 
itwas tboughtevident that nitrogen woald appear to be tlie component on 
which their properties depend, fra they all contain nitrogen. Bat we know 
now whole sertes of anologons bases containing, instead of nitro^gen, 
some other element of similar properties. These also have the charac- 
teristics of ammonia. As eetly as 1846, Paal Thenard had made pfaos- 
phoms bases, which were more thoroaghly investigated in 1865 by 
Hofmann and Caboars. Analogoos arsenic bases have he&k Iedowo 
mach longer. In 1760 Cadet prepared one, the composition of which be 
conld not, of course, explain. The investigations of Bansen,lrom 1837 to 
1843, shed more light on this remarkable class of organic bodies, and 
the coDstJtntion of the arsenic bases was finally completely made dear 
by the researches of Gahonrs, Kolbe, Eiche, and especially Bueyer, in 
Berlin. In 1850 Liiwig discovered antimony and bismuth bases, so 
that we now have fonr other elements capable of forming whole series 
of basic combinations like those of nitrogen. Compare these with the 
above-mentioned number of possible nitrogen bases, and we will be con- 
vinced that the chemist as well ae the astronomer is able to astonish na 
with magnificent numbers, and to call np before the mind's eye endless 
series of possible combinations, all producing bodies having f{>ecial 
qualities.. 

However much these researches have extended our knowledge, they 
have hut slightly Improved our acquaintance with tiie bases aud alka- 
loids spontaneously formed in natarc. The constitntion and the rela- 
tions of these natural alk^oids to the other bases and to other chem- 
ical compounds are much less understood than the foregoing statement 
would lead as to suppose. The causes of this are that the natural al- 
kaloids are mostly very complex bodies, and that they suffer such com- 
plete changes in most reactions, that it is difficult to study them, or 
to form any conclusiou as to the constitution they had before they were 
decomposed. It must be left to the future to shed more light on the 
nature of these bodies. Let us hope that it will be possible to make 
those alkaloids synthetically which have hitherto been ibnnd only in 
nature. We must not forget in this connection that moat of the natnral 
bases contain oxygen, which is not found in the ammonia bases. Although 
the discovery of the so-called ammonium bases, and Wurtz's beautiful 
discovery of the behavior of oxide of ethylene to ammonia, have indi- 
cated the way of preparing such oxygen bases artificially, there is nev- 
ertheless a difflcalty, which seems almost insurmountable. It is the 
fact that most of the natural bases have optical propertjes, while we 
cannot succeed with the aid of the above processes in preparing com- 
pounds posses^ng similar properties irom substances not originally 
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possessing them. The discovery of methods for the artiflcial or syu- 
tbetic preparation of tbe alkaloids would oot only be of tugli scientific 
interest, bnt it would blso greatly advance our material interests, for 
tbere is scarcely another group of bodies of such manifold uses as the 
organic bases. 

Many of these alkaloids play an important part in the arts, others are 
known as the active principles of atimalatiug articles of food, while the 
great number of them are valuable as medicines. Many of them are ex- 
tremely violent poisons, and have acquired an aneuviable reputation 
from cases in which they have been employed. 

Poisoning by means of vegetable Ixises is rendered doubly dangerous, 
becanse it ia often difflcnlt to prove with certainty the presence of the 
poison in the corpse or the secretions by chemical analysis, while tiie 
presence of mineral poisons can generally be detected with ready cer- 
tainty. The reason of this is not difficult to nnderstand. We are but 
imperfectly acquainted with the properties of the natural alkaloids. 
They resemble each other very much. Id cases of poisoning, they are 
miKed up in the stomach or other parts of the body with many other or- 
ganic substances, all containing carbon and having certain properties in 
common with them. These oi^nio substances are of course more akin 
to the vegetable bases than to inorganic substances, such as the com- 
pounds of arsenic, which are not found in any part of the human body. 
Hetals are present only in insiguiflcant quantities, and those which are 
present are not at ail similar to arsenic. Sow the organic bodies pres- 
ent all contain nitrogen and may have basic properties, both character- 
istics of alkaloids. It is obvious that the detection and separation of 
very similar bodies are much more difficult than the separation of dis- 
similar ones, where the detection of a single property often suffices to 
prove their presence with certainty. 

If we consider furthermore that the alkaloids are very easily decom- 
posed, and that in legal chemical investigations the bodies in which they 
are to be sought for are generally in a state of putrefaction, i. «., of contin- 
ual active change, we will understand how impossible it is frequently 
for chemists to septarate tbe poisons in a state of purity from parts of 
the body and to prove their presence with certainty. It is indeed some- 
times possible to Inject tbe substances which in eases of poisoning 
most contain the vegetable base, into tbe blood of living animals or to 
mix it with their food, and then to judge, from tbe physiological effects 
on the animals, which poison was present'. Tbe changes produced by 
certain alkaloids on the beating ofthe heart, on t^e geueral action of the 
mueclefi, and on tbe uervons system, are frequently so characteristic that 
we can judge of the presence of one or other alkaloid with as much cer- 
tainty ftttm these effects as from pure chemical reactions. Such prooftt, 
however, have not the fhll force of evidence in court, for in snch cases 
the separation of the pure poison must always be the cliief aim of tbe 
chemist. 

Dangerous as our organie bases may become in the hands of the 
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mnrderer, tbey are highly salatAty Id the prescriptioDs of the ptiysiciftn, 
vbo employs tbem with great ancceas in the treatment of severe and 
otberwiBe uayieldiog cliBeases. PernviaD bark owes itA efBcacy to the 
alkaloid quinijie which it contains together with einckonine and ekinidine 
in Tarjnng proportioos. Formerly, before these facts were known, there 
was no Btandaod by which the value of different specimeDS of Pero- 
vian bark could be correctly judged. Sometimes a certain kind of bark, 
whose dose had been fixed by experience, acquired a mnch greater value 
than othera whose efficacy far surpassed it. Now the value depeuds on 
the amount of bases contained in the bark and not on the color, shape, 
or other external signs. Mot the smallest piece of the bark is now al- 
lowed to be lost on gathering it, because processes are known by which 
even the smallest qoaiitity of quinine contained in it can be obtained. 

The same is true of different kinds of opium. Their medicinal value 
depends on tbe amount of alkaloids they contain. These are morphine, 
codeine, and narcotine, three beautiful crystalltzable bodies, the latter of 
which is distinguished by the peculiar property of furnishing another 
base, tnffi€l%IamtTie, when mixed with Boda-timii and subjected to dry dis- 
tillatiou. Cberaista hare proved the presence of trimetbylantine in the 
pickle of herrings. It is the cause of their peculiar odor. tTrine con- 
tains it also in smalt quantities, hence its smell of herrings when much 
of it is evaporated down. The belladonna and the datura a^ammonium 
contain the alkaloid atropine, whose terribly poisonous properties are 
generally known, but which plays a very important part in treating 
diseases of the uye. Applied to the eye in a dilute state, or rubbed into 
the skin near the eye, ii powerfully dilates the pupil and greatly facili- 
tates certain operations ou that organ. From all parts of the hemlock, 
a colorless, transparent oil of penetrating odor can be obtained, which 
is known under the name of coniine, and is one of the most poisonous 
alkaloids. Either this or dcuHne contained in tbe water-hemlock was 
the cause of the tragical death of Socrates. In the St. IgnaCins ttean 
and the nux vomica, itryeknine is fonod along with l»-ucine; it forms a 
beautiful, crystallizable alkaloid, distinguished by ita extremely bitter 
taste and by its producing tetanic spasms when injected into the blood. 

To this class of organic bases belong also those poisons which savages 
nse for steeping the poiuts of their arrows. There are undoubtedly 
several sucb poisons. It seems that the one used by tbe savages of In- 
dia aud Africa is essentially different fixtm that used by tbe natives in 
the northern part of Sonth America. Tbe former, called antia, imme- 
diately stops the beating of the heart, while tbe latter, called curare, 
first palsies the general mnscular action and then stops the heart. Cvrart 
is the better known of the two ; it was flrat brought to Europe by Sir 
Walter Baleigh in 1695. According to Humboldt, thepreparation of this 
poison resembles our vintage feast. Tbe savages collect poisonous vines 
in the forest, while the women prepare an intoxicating fermented liqnor, 
of which tbey all partake. When all are intoxicated and lie in deep 
sleep, the master of the art prepares the poison by extracting the juice 
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of the vines and evaporating it down. Different travelers agree tbat 
they also add poisonons ants and fangs of enakee. It woald seem 
tberefbre that curarin, the active principle of the arrow-poison or 
cursre, was a constituent of the juice of vines; hut there is no certainty 
on this subject, since travelers do not agree in their accoaots of the 
preparation of this interesting substance. Cnrare can be taken into tlie 
alimentary canal without the slightest danger, aod even the meat of 
animals poisoned by it is innocuous, while it is certainly and often sud- 
denly fatal when ipjected into the blood even iu small quantity. When 
introdneed into a wound, this poison occasions do pain whatever. The 
symptoms preceding death are very remarkable, as can be seen when a 
Ter)' small qaantity is introduced into the blood of a large animal. There 
is an immediate relaxation of the muscles, all voluntary motion ceases, 
the animal sinksdown powerless, but with its consciousueas unimpaired, 
and finally the respiration ceases and death ensaes, without the presence 
of any symptoms which would indicate excitement or a death-struggle. 
It is a progressive palsy, ending in the brain. 

A whole series of organic bases isesteemed on account of the pleasant 
stimalatiug effect they exert on the body when in small quantities and 
diluted with other substances. They belong to the category of luxuries. 
Among them, nicotine, the active principle of tobacco, takes the fore- 
most rank. 

Pure nicotine is a liquid, which becomes brown in the light, has a to- 
bacco-like smell and possesses very poisonous propertied. The amount of 
nicotine contained in different kinds of tobacco varies. Although it is 
not exactly iu the inverse, it is by no means in direct proportion to the 
excellence of the tobacco. Fine brands, such as Havana and Mary- 
land tobaccos, contain bat very little ; the former not quite two and the 
latter from two to four per cent. Kentucky and Virginia brands con- 
tain as much as from six to seven per cent., and some of the domestic 
bruids of Germany contain considerable quantities. 

Besides nicotine, there are some other bitter principles contained lo 
tobacco, which are the chief cause of nausea in young smokers. These 
are kept back by smoking pipes with long stems, which only allow the 
gaseous bodies to reach the month. Besides carbonic acid and carbonic 
oxide, tobacco smoke often contains as much as 3 per cent, of carbonate 
of ammonia, (which causes the increased secretion of saliva,) and also 
butyric acid, empyreumatic oils and resins, traces of snlpboretted hy- 
drogen and e%'eu pmssic acid, bat do creomte. 

Pepper owes its pangent taste to p^erine, a crystallizable alkaloid. 
Tea and coffee both contain the same organic base, theine or caffeine, 
vbich are easily obtained from them in silky needles. A solution of 
this alkaloid neither has the taste nor the pleasant stimulating effect of 
an infusion of tea or coffee. In these beverages, as in tobacco, the value 
of the article used depends on other Bubstauoes, which accompany the 
alkaloid. 
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Gliocolate owes its valae to theobromine, ao alkaloid coDt^ned in 
cacao. It bas been lately foand that iodide of methyl digested vitb 
theobromiDe for some time in a sealed tabe, at the temperainre of boil- 
iag water, will coDvert it ioto tbeiae. 

The excellent eflEect of pare meat broth on the system is doe to krea- 
tine and kreatinine, two bases contained in meat. Brotb, therefore, 
belongs to the same class as tea, coffee, and chocolate, and it certainly 
deserves the preference wben the system of the sick person requires a 
stimulating and strengthening beverage. 

Some organic bases have obtained a prominent place in tbe chemical 
arts. It is only necessary to mention kyanole or aniline, which is ob- 
tained in large qnaDtities from coal-tar, and is nsed in tbe mannfactore 
of tbe finest colors. Aniline red is the chloride or acetate of rosaniline, 
a colorless base obtained fh>m aniline. Aniline violet mast also be con- 
sidered as an aniline base. 

' Two artificial bases, the amid bases of ethyl and methyl, which but 
lately had merely been preserved in ubemical collections as interesting 
and rare substances, are now nsed instead of ammonia, in Carry's ice 
apparatus, in the artificial production of ice. 

The description of the individual members of this extensive series of 
organio bases or alkaloids conld be considerably extended if our time 
permitted, apd if I did not fe.tr to fatigoe my hearers. 

As I mentioned in my introduction, organic bases were a terra incog- 
nita to chemists half a century ago. As you probably have gleaned 
from my remarks, chemists have since diligentJy labored to explore this 
region ; but whenever they had succeeded in scaling a height, ft<um 
which they hoped to obtain a general view of what tbey bad investigat- 
ed, new and ever greater fields opened to their astonished eyes — fields 
whose exploration will require the moat diligent efibrts of chemists for 
many years. 

Just as in the discovery of a newcountrythevalneof which tbe people 
realize only when tiie plowshare has turned the new soil and when its treas- 
ures have begnn to circulate in the great commercial veins and arteries 
of the world, it happens with our organic bases, which are generally 
appreciated only as far as they are useful to commere**, the arts, or 
medicine. 

Let us not forget, however, gentlemen, that as the treasures of tbe 
mountains of California and the products of India would never have en- 
riched our country if it had not been for indefatigable travelers, who 
wandered through anknowncountrie8,impelledbyapurelove of knowl- 
edge. So we also owe onr acquaintance with tbe organic bases to pnrely 
DQselfish and scientific investigations, which have taught us that 
nothing is useless in science — a truth written in conspicuous lettere on 
every i»age of tbe book of nature, and which can only fail to be read 
by the grossest ignorance. 
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THE NTTBOGEN BODIES OF MODERN CHEJDSTET. 



A LECTURE BY PBOFESBOR SLETZINSKT. 

Delivered Deoember 15, liiTO. 



[Translated from Ana der Natnr tor the Smithsoniaii JiiBtitntitai.] 

I have the honor to direct your attention this moroing to a gronp 
of componDd bodies which are of the highest importance, whether we 
consider them from atheoretrical or a practical pointof view. They are 
all the artificial products of the laboratory, and while the stndy of them 
htm ltd to the most interesting views of the constitution of matter, some 
of them have fouud a widely-extended indostrisl application, and othera 
give promise of a brilliant future. They are what is called the nitrogen 
eompounds of modem chemistry : 

Yolame substitution is now accepted as the ruling principle of chemi- 
cal combinations. All substances may be considered as combining in 
certain definite volumes, and the unit adopted by science in this respect 
is hydrogen. This atom, which in respect to weight and volume is the 
chemical standard, we denote as unity, and all other atoms which enter 
into the composition of bodies, and which require the same space as the 
atom of hydrogen, can be substituted in the place of this unit. 

Chemists have succeeded in substituting for the hydrogen in organic 
sabstances radicals of hypouitric acid; that radical which is denoted by 
the formula NOi. 

This radical called nitryl, whose introduction into organic chemistry 
led to the cooception of the nitrogen compounds, is formed when we 
noite one equivalent, of nitrogen having a combining power of 3 with 
the weight 14, and two atoms of oxygen which is bivalent, that is, 
having a combining power of 2 with the weight 16. This body is 
therefore represented by the formula "'N"Oi, in which the dashes 
('" ") represent the combiniugvolumes. Since the nitrogen is trivalent 
and the oxygen bivalent, and since there are two atoms of oxygen the 
combining power of which is four, there evidently remains one unappro- 
priated equivalent volume ; and this free equivalent voliune determines 
the equivalenceof the radical. On this gronud wedesignate this radical 
as univalent, or having a combining power of one ; and as such it can 
be in alt cases substituted for the hydrogen monad. 

Now, if this substitution of nitryl for hydrogen in organic bodies be 
extended as far as the actual relations admit, we arrive at the formation 
of die uitn^n compounds. For a complete exposition of our subject 
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we have still to meDtion tiie qnadriToleDt atom of carbon. The carbon 
atom reqaires foar times the space of the hydrogea atom, and fills that 
space with the weight 12. It bears the symbol ""G. 

The elemeots, then, with which we hare to deal and effect our ex- 
changes are represented as follows: 

Fig. 1. 

1. Hydrogen, /~\ 'H. 

2. Oxygen, C^^ "O. 

3. Nitrogen, CCO "'^• 

i. Carbon, OOOO ""C. 

The equivalence of the elements, t. e., the proportion of their Tolumes 
compared with hydrogen as a staudard, is not an invariable qoantity. 
Expansion and contraction may take place in the atoms; within certain 
iimitB these can increase or decrease in volume. But it is importaut to 
observe that this expansion and contraction will always be bipolar; 
that is, if a univalent atom expand it will do this in both directions and 
become, not bivalent, but necessarily trivalent. The trivaleot nitrogen 
atom may become quinquivalent, but not qundrivalent. Hetice, we have 
the simple rule that tbe character of the equivalence cannot change ; if 
it is expressed by an even number it must still, though the atom con- 
tractorexpand, be expressed byau even uambw; and reversely, if tbe 
equivalence is expressed by an odd number it must in all cases be so 
expressed. This will readily be understood if we suppose a unit volume 
to be added to each side of the symbol oxygeu, carbon, and uitrogen, as 
given in Fig. 1. In this case the oxygen will become four, the nitrogen 
five, &c. The trivalent nitrogen atom in some oircDmstances may 
become quinquivalent. This expansion of atoms takes place when they 
aie subjected to peculiar chemical actions. 

I now call your attention to a salt which is produced from acetic acid 
and ammonia, and which isiotrodncedinto the pharmacopeia as tbe so- 
called spirit of Mindererus, the acetote of ammonia, or acetate of oxide 
of ammonium. 

Id tiie delineation of tbe formnlie of chemical compounds, without 
which a clear anderatanding of tbe processes is impossible, this acetate 
of ammonia is represented in Fig. 4: 
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It is necessary to state tiiat iu all acetic acid salts a radical called 
acetyl is oommon. Tliis radical is represented as follows, in Fig. 2: 

Fig. 2. 

""C* 'Hj "O — ^ 



In order to form the salt from tbis radical we need a link of oxygen, 
which shall unite the radical of the hase ammonium {"'"S 'H*,) whose 
eqnivalence is one, there being four ntx>ms of hydrogen and one of pente- 
Talent of expanded nitrogen. This UDitiug oxygen is represented in 
Fig. 3. 

Fig. 3. 

CO 

Fig. 4. 
""C 'H, "0,+"0,+""'S 'H,=""C, 'H, "O, '""S,, 



OS 

oc 

The oxygen, which is here (Fig. 4) somewhat more distinctly marked, 
holds together the radical of the acid and the radical of the base, and 
thus forms acetate of the oxide of ammonium. 

Now, wheu, by chemical agency, we force the water from this salt, 
as by a high degree of heat, by the action of chlonde of phosptioniu, or 
an anhydrous acid, (chemists have many expedients for separating water 
from organic uompouuds, forming it anew, and eliminating it again,) 
when, therefore, we take from tbis compound two molecules of water, 
2 ('H, "O,) the nitrogen contracts from five to threefold equivalence, 
and we have the foUowiug formation : 

— ■» Rg. 5. Pig. 6. 

^ cococco coco 

N oooccoo coco 

which represents the compound acetonitryl. 

We obtain the same result if we saturate acetic acid with carbonate 
ofammoniaj evaporate the liquid and distill the salt with chloride of 




206. NITBOOEN BODIES OF MODEBN CHEHI8TBT. 

phospborns. The prodact thus obtaioed, tbe acetonitryl, fbniisbes a 
BtortiDg-poiot for further tniDsfomiatione. Sappose, now, tbat for od« 
hydrogen atom we aabstitnte tbe radical of unit equivalence, {'"S "0.i) 

Figr. 

.QOOCCCO 



Here we have a perfectly-liaked atomic-chain, where everything fits, a 
nitrogen body, 

W" C»"" H', W" 0," 
the nitro-acetonitryi. 

If we subBtitate for tbe two remaining atoms of hydrogen one biva- 
lent atom of mercury, (represented by the shaded circles in Fig. 8,) we 
shall obtain common fulminate of mercury. 



Fig. 8. 




This latter substauce canuot, in fact, be obtained from acetat« of am- 
monia ; onr means are not yet adequate for that. We have aoother and 
quite different way, which is not less interesting; it is tbe action of ni- 
trate of mercury on alcohol. When strong spirits of wine and strong 
nitric acid are mixed and metallic mercnry is added to tbe mixture, in 
a short time nitrous acid vapor is developed, the mass begins as it were 
to seethe, and or cooling yields a deposit in tbe form of fine needle- 
crystals, and this is the fulminate of mercury. 

Alcohol has the radical so often occurring in. chemistry, C* Hg, and 
baa the formuhv Cj Hs O, or 

Fig. 9. 

coooooco 
ooooocoo 

It oitryl mercDiT (reprefieoted in Fig. 10) acts apon thie — 
Fig. 10. 

cco«®cx>o 
coooooco 
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We sball have the compoaad represented in Pig. 11 — 

Fig. 11. Pig. 13. 

2$$S^» CO CO 

""■^^OOOO CO oo 

CO 

oo 

Fig. 12 represents the molecules of water extracted. 
(In this again) we have fulminate of mercury and water. Finally, if in 
the abo%'e nitro-aoetonitryl {N'" Ci"" Hi' N'" O,") we substitute nitryl for 
tiie two hydrogen atoms, we obtain tri-nitro-acetonitryl — 

Fig. 13. 



COCO 
COO 




a substance wbicli forms crystals transparent as water, resembling 
naphthaline, and which on exposure to' air emits a disagreeable odor, a 
body which liqaifles at 45° and at 120o explodes with violence, reud- 
ing its way through all obstacles. Ifow, whence arises this explosive 
force of the nitrogen bodies T 

It comes in this wise : from the Bubstitntion of oxygen for hydrogen 
there occurs ao intimate a blending of combustibles and »apportera of 
combustion that on contact with a spark, on the signal given for decom- 
position, the whole mass with tempest swiftness, so to speak, bums up 
at once. 

At the instant of combustion this solid substance is resolved into 
elastic fluids tending to expand, and, moreover, by reason of the 
augmented temperature attendant on the process of decomposition 
already expanded to a remarkable degree, and therefore filling a space 
many hundred times greater than before. If, by raising its temperature 
to 120O I should cause the decomposition of this body in the glass tube, 
in which, to prevent accidents, it is usually liquefied, there would result 
in place of this small quantity a volume hundreds of times larger than 
the tube; itscohesion being overcome, the glass would be shattered, and, 
with a report like that of fire-arms, the gas would escape into the air. 

The effect of the common explosive gas depends on the intimate 
blending of the inflammatory oxygen with the combustible hydrogen. 
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Liquids do uot bl^nd thus nnless thoy are soluble io each other; nnless 
tliey have a peculiar mutoal affinity. 

Oil and water placed in the same flask, and thoroughly shaken, will 
present a unilbrm appearance, but if left standing a short time they 
separate again, the oil gradually rising to the sarface, and the heavier 
water sinking below. 

The case is different with aeriform bodies. Two gases possessing no 
mutual affinity, if introduced into the same space, will each be diffiised 
tbruugbout the whole apace precisely as if the other were not present, 
and the result will be their perfect uniform blending. 

Suppose we admit into the dask two volumes of hydrogen and one 
of oxygen, the atoms will group themselves as follows: 

Fig- H. 

oo 

("•^^ Ht, Oi, Hf 

OO 

This, a million times repeated, aCTords an idea of detonating gas. The 
hydrogen iscombustible, the oxygon is inflammatory, (the kiudler,) there 
is needed only an electric spark, a glimmering splinter of wood, the 
presence of catalytic platinum sponge, or any other inconsiderable 
source of beat, and tbe hydrogen burns in the oxygen ; an immense 
volume of watery vapor is suddenly produced, extremely elastic, at a 
temperatnre of 1000° U., and this forces its way through every obstacle. 

Many nitrogen compounds act in accordance with this principle. By 
tbe introduction of nitryl, that radical abounding in oxygen, in the 
place of hydrogen, a more intimate combination of combustible and in- 
flammatory substances is effected, even in solid bodies, than is possible 
in the most sncccssful fabrication of gunpowder. 

What is the operation of the manufactnrer of gnnpowdert He has 
two combustible substances, carbon and sulphur, and one inflammatory 
substance, saltpeter. Each of these three materials be reduces sepa- 
rately to the finest powder. He then mingles them, moistened, to avoid 
explosion through friction, and then with the utmost caro rubs them to- 
gether for hours, yes, days, till the blending is as intimate as it can pos- 
sibly be made. He must still force tbe compound through sieves 
to grain it ; he must smooth and glaze these grains, &o., but with the in- 
con>orattoii of these three ingredients his chemical labor is finished. 
Thus it consisted in producing the most uniform possible commixture 
of combustible and inflammatory' substances, so that the carbon and sul- 
phur, wbieb arc combustible, are throughout in contact with tbe salt- 
peter, which is the source of tho oxygen. A spark coming iu contact 
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with a single grain the combustiou is traDsferred from gi-airi to graio, 
and tho whole quantity of carbon and sulphur isconsamed in the oxygen. 

Nevertheless, gunpowder, though compounded with all possible care, 
though triturated and Incorpomted with the most scrupulous attention, 
can never acijnire that perfect blending which may be attained by the 
introduction of combinations of atoms into tlie structure of organic for- 
molie. 

As intimate and uniform an incorporation of the atoms as occurs in 
the nitrogen bodies can never be efl'L-eted by the mechanism of iwwder- 
mills ; and this alone indicates tbo importance of the nitrogen com- 
ponnds. 

Sot among the earliest of those bodies, it is true, but a very recent 
descendant from them, and first brought into notice by the celebrated 
chemist Schonbein, is gun-cotton. Gun-cottoif is ordinary cotton uL- 
trogenized. Cotton is chemically called cellulose, vegetable cellulin, 
vegetable fibrin. Vegetable fibrin has the formula- 



Fig. to. 



Cs He O 



o. 

60 



OOOOOQCOOO_ 
7OOOOCOOOOO' 

006 

In the middle we see the union of the carbon atoms to be firm j at 
tbe ends comparatively weak. Now if, step by step, we replace the 
hydrogen with nitrogen compounds, with nitryl, we have trinitrocel- 
lulose, wherein these atoms of hydrogen are re])laced by nitryl, and 
we have Itefore us gnn-cottxin, whose formation was effected by this 
substitution of nitryl radicals N O3 forhydrogen. 

The manufacture of gnu-cotton is extremely simple. We require 
only the so-called nitrO'Sulpburic acid, which isin common use. Thereare 
two limits in compounding this acid. We may mix equal parts of good 
Xordhansen acid, or Saxon or Bohemian oil of vitriol, and of good 
fuming uitric acid, or three parts of Nordhanseu acid and two parts of 
nitric acid ; or two parts of Nordhausou acid and three of red fuming 
nitric acid. \ mixture with either of these proportions produces a 
serviceable nitro-sulphuric acid, which has received the trivial name of 
ifnlmiuic acid from its use in the manufacture of fulminating compounds. 

In mixing the brown oil of vitriol with red nitric acid there occurs a 
moment when tbo mixture of the two acids is nearly colorless. This is 
tbe state in which the compouud is most available. It must be eGTect. 
□ally cooled, if possible in a ft^ezing mixture composed of three parts 
snow and one partepsom salts or common cooking-salt: or, atall events, 
14 3 
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in coM water, often changed ; for the acid mnst bo ice-cold to iusnre 
success. Ill this perfectly cold mixture inituerse now, flake by flake, 
Btmnd by strand, the cellulose, the pure vegetable fibriu. The purer 
the Jibi'iii the drier and the freer from iill mechanical soiling, the better 
of course will be tho result. The cotton is immersed in the liquid by 
pressing it down ^\'itli a glass rod; ^e wait till all the air-bubbles escape, 
till the cotton ia fully saturated with the acid ; moreover, we are careful 
to immerse uo more cotton than can be contained without pressure and 
will be entirely covered by the acid. Half an lionr,a8 Ibaverepeatedly 
satisfied myself, is sufBciont for the process ; still there is uo barm iu 
leaving the cotton in the acid for an hour or several hours; thirty or 
forty minutes, however, are amply suilicient for the required effect. 
This done, with the glass rod take out the wet cotton, press it between 
thick plates «f glass to* remove the superfluous acid, throw it into an 
abundance of cold water to reduce the temperature, and immediately 
pick it apart, for if you let the compressed cotton fall into the water and 
life there in a mass, you will find that, with a perceptible increase of 
temperature and the escape of reddish brown vapor, it gradually dis- 
solves and disappears. After the cotton is thus pulled apart, and, as it 
were,drowned and qnenehed in cold water, it must be carefully washed, 
in a runnhig stream if possible, for yon will accomplish as much in six 
hours with running water, which easily penetrates among the fibers, as 
in two or three days with standing water. If all has been done as 
directed, yon have first-class gun-cotton. -It has now only to be dried, 
iu a temperiiture not exceediug 100°, to expel all the water, and tben it 
may be kept for years without the slighest deterioration. 

Wcknoivwhatwonderfulchangesof opiuionhavetakenplaceinourown 
time in respect to gun-cotton. The Austrian minister of war has really 
played v.itb it the i>oeticaI game of the daisy : " Thou lovest me well, 
throngh good and ill, a little, oriiot at all." A largeamoimtof money was 
expended on gun-cotton. At first, it was glorified ; later, doubts were 
entertained ; and then, when suddenly the tower of Simmeiing flew into 
the air, gun-cotton fell into disrepute. And yet England has n-cently 
made it the subject of a thorough investigation, and opinions in regard 
to it now seem very favorable. I have hero some gun-cotton iu the form 
of skeins and lamp-wick. This specimen is fully eleven years old, and 
in that time has not changed in the least, absolutely not in the least. 
It is just as effective to-day as when first made. It is a property of gun- 
cotton that in a moist condition, and notably when ithasbcen imperfectly 
■washed, it i.s decomposed in a way whichniay result in a partial dissolution 
and eventually in explosion. A spontaneous conbustion of clean, well 
washed and dried gun-cotton is inexplicable on scientific principles and is 
not knowii to have occurred. On being ignited gun-cotton explodes with- 
out smolce or vapor, and with no residue of ashes. AVe perceive only a 
weak odor of nitrons acid. It is a great advantage in the use of gun- 
cotton in blasting, that it does not leave that stifling atmosphere, that 
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sniphnrona smoke wliicli renders approacli imi)ossiblc>, as lor example in 
Diiuca. Particularly when conunou guniH>iv(ler is used for fracturing rocks, 
wheu experimental blastings are made with closctl shafts, after the ex- 
plosion the air is irrespiralile, the ventilating shaft must act for a long 
time before the place can be entered. This inconvenieDce is avoided by 
the nse of gnn-cotton. I take this opportunity to indicate how we may 
easily and infallibly recognize a nitrogen body. It is merely necessary 
to produce its explosion in a partially closed space ; the space becomes 
filled with weak nitrous acid vapor. For nitrous acid we have a very 
reliable reagent, thesulpliatc of iron. Of course the experiment should 
be made with a very small quantity of the cotton, as otherwise the ex- 
plosion would be too violent ; it would act in all directions, and prove 
its fhictnriug force on the vessel. I beg here to repeat that the explo- 
sion of such bodies consists in the sudden liberation of eoniinod yascs. 
There is an instantaneous production of gas occupying a huudred-l'old 
the space of the cotton, a gas of hiyh temperatui-e and gre;;t oksliL-liy. 
Such gases in a spherical space act iu all directions ; therefore thoy uit 
not merely lengthwise of the tube but against the sides of it also. Xow, 
if the action is on a scale not largo enough to overcome the cohesion of 
the sides of the vessel, the gas has time to escape upwards ; but If the 
action is so intense that its lateral components aresuffieient to ovcreome 
the cohesion of the containing vessel, tlie fracturing force takes ilitct, 
the vessel is shattered. "We must therefore use only a very small 
quantity in our experiment. 

Nitrous acid changesthe color of sulphate of iron to brown. We are 
not to expect a conspicuous change of color, observe, because most of 
the vapor escapes, only a small proportion romaiuiug. Still there is 
enough to i)rove that we have to do with a nitrogen compouud. 

The slowly burning form of gun-cotton is called coltodiou-cottou. 
This modification of gun-cotton, which is not so rapidly cousumed, but 
gradually bums out, is not used to propel projectiles, but it has otbei 
and very ralaable uses. . This allotropic foim of guu-cotton is obtained 
by mixing English sulphuric acid with niti-ate of potash and heating 
the mixture to £0°, The nitrateof potash is decom])osed, and the result 
is bi-sulphato of potash and concentrated mouohydrous uilric acid. 
When it is all dissolved we immerse iu this liquid at 50^ cottim well 
separated and dried, just as much as will lie in the liquid without pres- 
sure and be entirely covered, and wo let it remain at this temi)eraiiire, 
carefully watching it, from half an hour to an honr. The heat niusl rise 
no higher, fop if it does the mass begins to develop red vapors, the cot- 
ton is in a tnmnH, and presently nothing is left but oxalic acid. The 
red vapor is a signal to lower the temperature. "When this is all done 
the cotton must be picked apart, rinsed in cold water, and dried ; and 
thus we have cotton which does not cxplotJe well, but which dissolves 
iu alcohol aud etber, while good gun-coltou will not so dissolve. Cot- 
ton prepared at freezing temi>crature is insolnble in alcohol aud etlicr, 
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or, at most, only sligbtly solablc iQ acetic ether. On the other band, 
cottoQ prepared at a higher temperatnre^ which explodes impel fectly, 
has jUBt this property of diKsolving in alcoholized ether. 

In pure alcohol, entirely free from water and ether, collodion -cotton 
dissolves imperfectly or not at all. If the cotton be wet with pure alco- 
hol the superduous alcohol may be poured off aud ether added ; the cot- 
ton wUI uow dissolve in common ether. The cotton wet with alcohol 
begins to dissolve in the ether, aud the liquid thus obtained is nsualty 
filtered through cotton in its natural state to remove any fibers which 
may remain uudissolved, and the filtered liquid is the so-called collo- 
dion, adhesive ether, t. e., the solution of tri-nitrocelluliue iu alcoholized 
ether. This collodion may be saturated with gun-cotton to a somewhat 
thick liquid. Allowed to evaporate ou glass, it leaves a film of coUo- 
diou. This solution of collodion is applied to burns when there is no 
blood or moistare. Iu scalds, if uot very severe, it does good service. 
Id onlerto avoid painl^l contractions of the skin, it is best applied with 
a solution of castor-oil in alcohol. This imparts to it a degree of pli- 
ancy which causes it to yield to the motions of the skin without causing 
p.Tin. 

There is a whole series of bodies besides gun-cotton belonging to the 
same class; e. g., nitro-manuite, obtained from maunite, from maona. If 
mauua, such as is procured from the ash-tree, is dissolved in nitro-sul- 
phnric acid, and left standing a while until red vapors appear, and then 
poured into cold water, a white, powdery, crystalline mass is precipitated; 
this is uitro-mannite. This substance explodes tolerably well. Au 
attempt was made to substitnte it for fulminate of mercurj', bat the at 
tempt was abandoned. Nevertheless, it is destined to important uses 
in the industrial arts. 

Ordinary cane-sugar treated in the same manner, dissolved in nitro- 
sulphuricacid,t.e., a mixture of red fumingnitricacid and Nordhausen oil 
of vitriol, kept ice-cold, aud when the red fumes appear, poured into cold 
vater solidifies, and when it softens canbedrawn into threadsof almost 
silken luster. It is certain that the solutions of it in alcohol and ether, 
even in the water, in which it is preserved, taste extremely bitter. 
This body is called nitro-saccharine. By the mere substitution of 
nitryl for one atom of the hydrogen, the sweet taste of the sugar is 
changed to one thus intenu !y bitter. How complete a transfonnation 
takes place is shown by this, that nitro-saccharine is incapable of the 
vinous fennentation, is no longer a means of nourishment, but has be- 
come a poison, a foreign substance, which bids defiance to assimilation 
and digestion as well as fermentation. 

When stirch is treated in the same manner, tlie purest starch, from 
potatoes, rice, or wheat, when it is stirred into the mixture of acids, it 
cannot be said to dissolve, but a glutinous swelling takes place, and 
when on the appearance of the red vapor the ma.ss is poured into cold 
water, a shining white substance is deposited, which is called xyloidine. 
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These are bodies less explosive, certiiiuly. than gun-cottOD, but which 
belong to the same class, carbo-hydrogens, ia which the hydrogen is re- 
placed by nitryl. 

There are still other and very different nitrogen compounds, and, in- 
deed, the first known, the oldest, belongs to a dili'erent chapter. This 
compound comes from phenyl acid, a railical which in many respects 
excites the interest of chemists. The main source of phenyl is beuiiol, 
""C, 'U„ or 

Fig. 10. 

Pure benzol is a colorless liquid, somewhat refractive, as evaporable 
as ether, of penetrating odor, but not unpleasant when mnch dilute^l. 
It is the well-knowt) scouring drops. This most volatile of the coal-oils, 
called, capiou, is an exceedingly mobile and refractive medinm) possess- 
ing the property of dissolving all oily substances without affecting any 
color or injuring any material; it can therefore be used to extract spots 
of grease and oil from all fabrics, even from the most delicate rose- 
colored silk. Spots from acids, fruits, or lye are not removed by it. 
It produces no effect whatever oo discolored sitots; it can merely 
remove the grease and with that the dust; for every spot of grease on 
a garment is naturally a phwe on which the dust floating iu tlie air 
is deposited. This benzine or beuzol is, iu a scieuttfic view, phenyl- 
bydrogen. 

By replacing the hydrogen with hydroxyl, HO, we obtain from ben- 
zine carbolic acid, or phenyl acid, which in a piire state forms colorless 
crj'stals, but, however carefully protected from the air, it changes grad- 
ually to dull red, and finally to brown. Oarbolic or phenyl acid is 
found in coal-tar, ami is obtiiined fi-om it in the form of carholate of 
lime. The carbolate of natron, prepared by precipitating this salt of 
lime by means of a natron lye, is of inestimable value to the physicians 
as a means of obviating the fatal effects of hospital gangrene, of cleans- 
ing wounds, and exciting healthy action which has been susiiended. 

By substituting for oneatomof the hydrogen in benzine— nothydrosyl, 
but nitryl — we obtain a new substance, uitrobenzol, mirbanol, and this 
brings us to onlinary perfumery. Thus, from the benzol of coal-tar is 
produced the artificial oil of bitter almonds, employed as a perfume in 
common pomades, iu many cleaning mixtures, and substances contain- 
ing strongly-scented mineral matter, and in common soaps. This mir- 
bauol is obtained by mixing cai'efully, drop by drop, at a low tempera- 
ture, benzol and nitric acid. It would be unsafe to mix at once the 
whole mass of benzol and nitric acid, since it would produce intense 
beat and lead to explosion. In mingling benzol and red fntoing nitric 
acid there is need of the greatest foresight, carefulness, and subdivision 
of the process. In spite of refrigeration, the benzol dissolving in the 
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nitric acid develops heat and gases, and when the masses have for a 
time acted on each other, they are poured into an abnadance of cold 
water. Then, while the benzol, being lighter than water, floats on the 
snrface, the mirhanol, which is heavier, sinks undemciith ; thus tbo ni- 
trobenzol is prepared from the mixture of benzol with red fuming nitric 
acid. This crude mirbanol, which has stitl an unpleasant odor, is 
washed with woali carbonate of nitrogen, and then distilled off with ex- 
treme care. It is unsafe, after washing It, to place this compound in a 
retort over a fire, for, in case it approached the boiling temperature, 
there wonld be a flash, a fearful explosion, and the retort would be shat- 
tered. It must not be forgotten that, although this compound is not 
used for explosive purposes, it is a nitrogen bodj-; you have admitted a 
wolf into the sheepfold; you Lave iiitroduced the element of inflamma- 
bility — oxygen — among the atoms of hydrogen, and when once the 
kindling takes place the hydrogen burns throughout the whole mass. 
And yet the crude mirbanol is distilled, because the consumption of it 
depends entirely on its freedom from color. This is accomplished by a 
chemical process, whereby the crude mirbanol is placed in a retort and 
the vapor of water introduced. At first, the water is condensed in the 
retort, but the vaiwr being constantly renewed, the water at length at- 
tains the boiling-point, is again vaporized, and escapes into the receiver 
at a temperature, however, l)eIow the hoilingpointof mirbanol, and the 
latter is carried along by tha watery vapor tuto the receiver. Of this 
device much usehas been made, because this method of distillation at a 
low temperature greatly improves the odor and discharges the color of 
the substance distilled. I beg you not to suppose that the artificial 
mirbanol thus obtained from the crude nitrobenzol can be a substitute 
for the genuine oil of bitter almonds — a costly, natural ethereal oil. If 
yon compare the two, yon will find it absurd to give the same name to 
the former, so delicate and fresh is the genuine hydro-benzole, rela- 
tively to the crude and harsh nitrobenzol. They are indistinguishable, 
however, in a diluted state, and in alkaline fluids, particularly in lye 
compounds; in soaps the artificial oil is altogether preferable. Of 
these common products, for overcoming strong odors, the genuhie, 
fine bitter-almond oil would be wasted — It would be lost — over])owered 
entirely by the rancid odor of the soap, for example, and would be less 
efl'ective than its more powerful companion. 

lint this is not its only use. When mirhanol i.s exposed to hydrogen 
in a nascent state, a nitrogenous compound is fonncd, aniline, which is 
merelv phenylamin: 

Ca Hs N Hi 

This is a substance whoso synonyms bewilder the beginner in our 
Bcienco. Amiiloi>henas, benzidam, krystalline, kyanol, aniline, phenyla- 
min, they are all the same, but, singularly enough, their production was 
aeeompauiod by wonderful mi-sapprehensions. A chemist separating it 
from coal-tar, supposing it an oil, and observing that it gave a blue color 
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to chloride of lime, called it kyanoI,I)luG oil. Others have obtained it i'roia 
phenyl acid, from the henzoate of ammonia j others again i'ram indigo, 
and these called it aniline, from the Indian name of iudigo, Auil Indi- 
gofcra ; uo one suspected that all these ditferent bodies, produced in dif. 
ferent ways, were identical, until their composition was studied, and alter 
numcroaa and varied experiments it was found that they were one and 
the same phenylamin. This base is obtained when wc subject mirbauol 
to the action of iron filings. The mirbanol is placed in a covei-ed kettle 
containing iron filings and water. The iron rusts; thus by attracting the 
oxygen, decomposing the water, and the nascent hydrogen Com the 
decomposed water, produces aniline from the mirbauol. Tliis process 
completed, the contents of the kettle are distilled, and crude aniline 
passes over. This requires repeated cleansing, and changes tu manifold 
colors. Now, therefore, we find ourselves among the coloring substances. 

When aniline and arsenic acid are subjected for some hours to intense 
heat, they are changed into a pitch-like, dark purple mass, which, on 
being purified, yields crystal tizedfuchsin; and if this red dye is dissolved 
in an excess of aniline and the solution heated again in the same man- 
ner, without suffering it to evaporate, it becomes a blue mass with a 
coppery luster, (azuline.) If we add nitric acid to rose aniline, wc obtain 
aniline yellow and orange. If aniline is oxygenized with chromic acid, 
chloric acid, and the salts of copper, we have gray and black ; if the sul- 
phate of rose aniline is added to hyponitritoof natron, we obtain aniline 
green. There is scarcely a color of the spectrum or of art which cannot 
be produced from aniline. 

Aniline is the root of innumerable shades of color, which are aU of 
marvelous beauty, but extremely perishable, not subject to chemical 
influences, but whose chief enemy is the light; hcuce the exceeding 
tendency to fade, of fabrics dyed with aniline. For this reason they are 
suitable for those materials only which are soon worn out or miau ont 
of fashion; while durable fabrics ought never to be dyed v.ith these 
colors, since the light destroys them under all circumstances in a fabu- 
lously short time. 

Aniline dyes have competitors. From the naphthaline of cord tar — 
this coal-champion — have similar bodies been produced, and nitro-naph- 
thaline furnishes a whole series of colors, which, however, are of uo 
practical interest. 

Ah the consumption of aniline dyes is enormous, efforts are now in 
progress to produce such moditications of them as will be soluble in 
water or diluted nitric acid; because the original solvent, alcohol, or 
wood-spirit, not only is too expensive, but also involves this evil, that 
constant inhalation of alcoholic vapor produces injurions, sometimes 
fatal, effects on those who are subjected to it. 

When carbolic or phenic acid is mixed with folminic acid, all three of 
the hydrogen atoms at the other extreme of the chain are replaced ,by 
Diti^-I, and thus is produced tri-uitrophcnyl acid. This is probably the 
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oldest of the nitrogeD compounds, the all prevailing bitter, picric acid. 
This substance is of a pale-yeUow color; by day a beautiful yellow, at 
night white. Picric acid dyes animal fabrics yellow, irithoiit the use of a 
mordant ; it is almost poisonous, and particularly hostile to iusects. It is 
proved by experience that animal fabrics impregnated with picric acid, 
TvitL which we must always accept the yellow tint, are uever attacked 
by moths or iusects of any kiud. Wbeu it is admissible, viz., when the 
color is not au objection and there is question merely of the preservation 
of the material, the use of picric acid may be warmly recommended. It 
is not so poisonona as to involve any danger in its use. Picric acid may 
be fixed in vegetable fabrics when these are impi'Cgnated with a solu- 
tion of caseiue iu borax. Still the acid can never be made perfectly fast 
in these textures, while for animal fabrics it furnishes one of the most 
durable of yellow dyes. This acid was formerly obtained from different 
substances — from indigo, for example. Common Bengal indigo, evap- 
orated with nitric acid, leaves a deposit, which on the application of 
heat decrepitates feebly. This is picric acid. 

Aloes, which is unfortunately in so eommon use as a drastic purga- 
tive, digested with nitric acid also yields picric acid. 

Recently the most abundant source of picric acid is gum acaroid, from 
an Australian tree, {Xantkrakocd Iiastilis.) This resin, acted on by nitric 
acid, afibrds the highest percentage of picric acitl. I must mention one 
more substance ; and this is obtained by the action of nitrogen from gly- 
cerine, the so-called oleo-sacchamm, a widely-diffused article, which has 
the formula ; 

i\ Hi Hs Oi 

We may suppose it a threefold water, in which three atoms of hydro- 
gen are replaced by the bivalent radical glycerjl, 

n. 
We can substitute nitryl for three atoms of the liydrogen in the 
glycerine and then we have trinitroglycerine, glonoin, or glono'/din, the 
Swedish explosive oil, a body iirst produced and examined by Sobrero, 
and which is heavier than water, (1.00.) To incpare this we add a de- 
ciliter of the purest glycerine, fi-ee from water, to Nordhauseu snlpbiuic 
acid and red fuming nitric acid, mixed iu the proportions of G : 4 ; 
thus, e. g., one liter to COO cubic centimeters and 400 cubic centimeters, 
which mixture must be kept ice-cold ; it should stand in the cold several 
hours. Then this liter is poured into at least ten liters of ieo-cold water, 
and the heavj-, coloriess oil, trinitroglycerine, sinks to the bottom; it 
should be well washed in water, in which it is nearly Insoluble. In watery 
alcohol it dissolves with difficulty, but readily in absolute alcohol, ether, 
and pyroxylic spirit. It has a sweet but unplea.sant taste, and induces 
protracted headache, so that the homoeopatbists have seized upou it as 
a specilic against headache. This Swedish explosive oil is apparently 
the iKOst formidable of the nitrogen bodies ; while one gnun of gun- 
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powder affords 300 cubic ceutimetera of gas, one gram of nitro-glycer- 
jne devclopes 720 cubic centimeters. Moreover, tbc gunpowder leaves, 
theoretically, 43 [wr cent, of residuum, while nitroglycerine leaves none 
at all, for tbe large proportion of oxygen is so perfect a kiudler for the 
mass that it is changed altogether into gas. This gas contains 58 per 
cent carbonic acid, 20 per cent, watery vapor, 3J per cent, oxygen, 18J 
percent, nitrogen. • 

Oxygen is seldom observed among the gases resulting from explosion, 
and 1 do not think tbe oxygen found in this case ia free ; it is probably 
present as nitroxyd gas, and still a compound which supports combus- 
tion. The tremendous forceofnitroglycerinerenders it themostenergetio 
servant in our mines, it divides our rocks, does all the work of blasting, 
It is the Polyphemus of modern civilization — goes parallel with fearful 
accidents, Tbe slightest imprudence may provoke a teiriblo reaction ; 
and, moreover, it is a very capricious substance, which does not explode 
as readily as gunpowder or gun-cotton ; occasionally it bums away 
quietly; on this account, ignorant people who have to do with it grow 
more and more fearless, more and more careless, they disregard the 
warnings of their overseers until at length they become foolhardy 
and do something which arouses it from its indifference, when it explodes, 
Tending aud destroying everything in its vicinity. The fact that the 
liquid state of nitroglycerine causes it to leak aud spread everywhere 
led to attempts to produce it in a solid form, and the result of these 
attempts is dynamite. This is merely a combination of niti-o-glyceriue 
with siliceous earth, containing a small quantity of oxide of iron, which 
tinges it yellow. This siliceous earth is the productof algae of iufusoria, 
and of microphytes, and has a peculiar tubular structure. The tubules, 
by reason of their capillarity, absorb the nitro-glycerine, and hold it so 
firmly that it never becomes moist nor does it yield to light pressure or 
fiiction ; therefore this form, dynamite, is comparatively harmless, and 
has in some degree superseded the formidable explosive oil. Dynamite 
explodes at 180°. An explosion in uuconfiued spaceis very different from 

,_. oae that takes ])lace under pressure. If I bum gnu-cotton iu the open 

*^^" ,^lrth6 explosion is attended by no remarkable effect, because the air- 
^vSfc V? equ ali ze and convey away the shock ; but in a coufiued space the 
^k plosion exerts its fracturing force on whatever is nearest. This, of 
c'l'se, holds gootl of dynamite, and hence the numerous accidents re- 
enlting from careless handling of tbe charges — I might say from the 
utterly reckless use of dynamite. At first the untaught laborer is cow- 
anlly, too careful and fearful, when warned of danger by the experienced 
overseer; by degrees he grows less vigilaut, he begins to imagine that 
the matter is not quite so serious, and Hually, iu some way, arouses this 
malicious substance, and then the catastrophe take^ place. 

It is to be hoped that this explosive compound will be in all cases manu- 
factured at tbe place where it is to be used. The production of it is so 
easj', success is so certain, that I do not comprehend why the hazard of 
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its traiisportatiou and tbo iimiimcrable coQBequeDt accidcDts sliould be 
encountered, 

It is possible that this dangerous, untamed laborer, who performs the 
compulsory service of cleaving our rocks and mountaius, will yet be- 
come civilized; it may be that, through progress iu mechanics, in 
chemistry, and in general science, it will become possible to subdivide 
aud control the explosion, and to use it, thus controlled and modified, 
as the most convenient source of power to move our pistons and propel 
our machinery. 
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SCHEME FOR THE QUALITATIVE DETERMINATION OF SUB- 
STANCES BY THE BLOW-PIPE. 



Bv T. Egleston, E. M. 



In the course of my instruction in blow-pipe analysis, T formerly 
fonnd great difficulty in teacbiug tbe students bow to distinguish with 
certainty, and within a limited time, tbe substances contained in a mix- 
tare of four or five iugrcdieuts. Tbe old rontiuemetbod of examination 
in the closed and open tube, and then ou charcoal, &c., answered very 
well when not more than one or two substances were present, but did 
not answer in the hands of beginners wheu they came to exauiiue alloys. 
For a long time I was convinced that it was useless to expect of a stu- 
dent that he sbonid be able, without extended practice, to determiue, 
qaalitativeiy, the composition of a very complex substauce. It finally 
auggested itself to me, however, that a plan similar iu some respects to 
the one used iu certain quantitative assays would answer for the gen- 
eral outline of qualitative work, I therefore prepared a provisional 
seheme, which, iu order to test, I gave to the students to work with, 
The result of a few weeks' use of this scheme convinced me that it was 
possible so to arrange one as to make it applicable to almost any com- 
pound, whether it was natural or artilicial. I therefore drew up a 
carefully-prepared scheme, which was modified from time to timcj as 
changes were suggested by its use in the blow pipe laboratory. The re- 
snlt was sacb that I felt no hesitancy in giviug to students who had bad 
only a few weeks' practice, complex mixtures, feeling certain that they 
would work systematically, and consequently with confideuce and pleas, 
ure, where they were formerly in doubt. This scheme has been iu con- 
stant use for four years, aud has effected an entire revolution in tbe 
working of the blowpipe laboratory. Much of tbe success which has 
attended its use is owing to tbe publication of a translation of Piatt- 
iter's Manual of Blow-pipe Analysis, by Professor Coruwall,* to which 
constant reference is made iu the scheme. I have to acknowledge iu 
its preparation the valuable suggestions of my two former assistants, 
Mr. J. H. Caswell and Professor U. B. Cornwall. 

With regard to the use of tbe scheme, the routine to be followed may 
be varied accordiug to eircumstauces. If sulphides, arsenides, &c., are 



'PluttDcr'fl M&uual of Qualitative and Quantitative AniilyiiUH with Ihu Blow-Pi[i«. 
Tmiilated by Professoi Cumwall. 2d edition, D. Tao Nostrond, Neir Yoik, 1ST3. 
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being treate<1, the sabstauces must be carefully roasted. If test 1 fails 
to show As, Sb, 8, or Se, as sulpbides, &c., the substance is either an oxide 
or an alloj'. If it is an oxide, the roasting, 2, is omitt«d. If it Is an 
alloy, it is subjected to the test 1, a, for Fb, &c., and then the test:^ A is 
I>erforined by fusing it on coal with borax in the B. F., thus combiaiug 
2 A and 2 A a in one operation. Some sulphides dnriug the roastiug, 
2 A, will become reduced to the metallic state, and then, after thorough 
roasting, may be treated as alloys. A metnl, or a raw sulphide, &c., 
must never be treated on platinum wire, hut the metal is fused on coal, 
with a flux. I'his is done in B. F. if it is desired to get only non-redu- 
cible metals in the flux, such as Fe, Go, &c. If Cu, Si, and other re- 
ducible metala are to be fluxed, it is performed in the U. F. The flux 
ao prepared is then transferred to the wire. Sulphides, etc., must always 
be roasted before testiug with borax, or S. Ph. 

The word bead always refers to the flux, and button to the metal. In 
regard to 2 B, Su and Zu are rarely found together, except in alloys. The 
presence of the one generally implies the absence of the other. If 
they are together as osides, Su can, however, always he found in the 
presence Zn by reducing them with soda nnd a little borax, and tritu- 
rating the mass with water, p.90.» In alloys the Zn can be delected hy 
treating for a short time in the B. F. ; the Zu, if present^ will volatilize 
first, and the coating may be tested with the cobalt solution. 

SCHEME. 

The substance map coutaia As — Sb — S — Se — Fe — Ida — Cn— Co — Ni— Pb— 

Bi— Ag— Au— Hg-Zii— Cd— Sn-CI-Br-l-Co"— si— M-H, &c. 

1. Trrat on Cb. in the O. F. to find volatile substances SDch as As-Sb— S— Se— 
Pb— Bl— Cd., &.C., p. C6 et xq. TcBt in an open tube to see whether As, Sb, S, aie 
present as artiuni<1oB, &c., or in an oxidized Btal«, p. C3 el teq. 

a.'If there are volatile substances present, form a coating, and test it with S. Pb. 
and tin ou Ch. for Sb, p. 00, or to distiuguisb between Pb and Bl, p. ^0. 

a. Tellbncoat.yleldlDeiclttiS.Pli.nlilackbeail^dluppfuu'itie with blaoflUDe, Da put of it yielding 
Ereenlsb Sb flamv. PbandBl. 

b. Yellon- coat, RRiicnUI; vUh (rbite border, yielding blucli or gray bead with S. Pb, diBuppGuing 
wilb bine OnniL' ; alw Ilie bordor dlnappearlng nilb grwo Hsmc -, Pb nod Sb. 

c XMow coat, very aimllar to 6. bal yi>-ldJDg no bias flamo ; Bl and Sb. 

d. Make a siiecinl t»t tor Bl. p. SSI. Pbin preseDO- of Bi, if doI in too amBll a qaoctity, isdf>C«cted 
by Ihe blue Uame yli^lded by Uie coot, or by the reilnccd mt'tal ll«eir. p. SSI. 

h. If there are no volatile substances present, divide a part of the snbst;\nce into 
three portions, and proceed as in Ai 

2. If Ah— Sb — S— Se are present, roast a large quBntitj- tboronghly on Ch., p. 77. 
Divide tbu suhsianco into tbruu portions, and proceed as in A. P. iv, note. 

A> Tkeatsiest of the Fihst Portion. — Dissolve a very smalt quantity in boras 
on platinum wire iu the O. F., and observe the color produced. Vonons colors -n-ill be 
formed by tbo combination of (be oxides. Saturate the bead and shake it off into the 
porcelain ilinh ; repeat this once or twice, p. 70. 

a. Treat these beads on Ch. with a small piece of lead, silver, or gold, in ik strong 
R. P., p. 113. 

■ Tlicau nnni'jflrs refer (o tbo pngoi of PUttnei's Uaniial, uantlated by H. B. Cornirall. Bd editloa. 
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b. Fe— nin— Co— Ac, remain in the bead, p, 115. 

1/ thf bead tpreodn out on lb< Cb, It mnst be collected 1o a glabnlB by conClaned blawlDi:. 
Mak8 1 borax bead on plHtinnm vitc, uiid dlsaolvo in It xmu of Ibe IragDieDtii of tba b«ad, leservlnt 
the roat for nccldcDia. 

c. Nl — Cn— Ag'— An— Sn — Pb— Bl are reiluced ami collected b; the lead bat- 
toD. &0, Pb, Bi, if preseat, nill be piirtly vulatilized, p. 115. 

Brmore tbe lead batloD rrom tha bead Kb ila bnt, or b; breokiDK Ibe bitter, wbuacold, on tbeonrU 
betvcFD iui|Kr, cweliilly prfeerviDgalltbe^caEtnetils. 

d. If Co iH present, tbe bead will bo blue. 

If a iaree auomit of Fe Is prnenl, add a little borai to prove the pmsence or abtoiiee of Co, p. 
If Xn is preseat. tlie bead, wbcn treated on plalinam wire in the O. F., wlU bocomo dark violet or 

t. If only Fe and Md with no Co are present, tbe bead n'ill be almoat colorless. 

Look here fur Cr, Tl. Ho, V, W, V, Tu by tho net va.j. 

A comiideiable amount of Tl may be detecluil n-i 
MbT DonrediiFlble colorine oiidea, p. ;»3. Mo 
ani» of tbo buru bead In the R. F. on platlnnm wire, p. IDS. 

/. Treat tbe button c on Ch, iu tbo O. F. until all the lead, &c. ia driven off; Nl, 
Cu, AfTi An remuiuing bobiud ; or separate the lead nitb boracic acid, p. 44:^. 

g. TrL'at the reaidue g on Ch, in O. F. with S. Fh bead, remaving tbe button while 
tbe bead ia hot. 

A. ir Ni and Cn are present, the bead will he green nhen cold, p. 393. If Ml 
enly, yellow. If CU only, blue. 

Prove Cn by treating with tin on Ch in tbe B. F., p. 293. 

i. For A|r and An make tbe special test No. K. 

B> Tr.EATMKNT OF THE SECOND PORTION. —Drive off the volatile sabstances in the 
0. F. on Cb. Treat with the R. F., or mix with soda, and then treat with the B. F., 
for Zn, Cd, 8n. If a white coating is formed, test with cobalt solution, pp. S51, 
436,470. Note, p. XV. 

C> Treatment of the third portion. — Dissolve some of tbe substance in 8. Ph 
on platinum wire in O. P., observing whether Si 0' ia present or not, and test for Mn 
with nitrate of potassa, p. 210. 

3. Teal lor A8 with soda on Ch, in the R. F., or with iry soda in a closed tube, p. 
ai5 et ttq. 

4. Dissolve in S. Fb on platinnm wire iu the O. F., (if tbe substance is not metallic 
and does not contain any S.,) and test for Sb on Ch with tin in the R. F., p. 99. To 
detect small amounts of Sb with Cn or Su, see p. 331. 

5. Test for Se on Ch, p. 36d. 

6. In absence of 8e fuse with soda in tho R. F., and test for S on silver foil, p. 36.^ 
In presence of SOi test for S in open tube, p. 3C6. To distinguish between S sad 
SO", see p. ;KiH. 

7. Tiwt for Hit with dry soda in a closed tnbe, p. 304. 

8. Hix some of the substance with assay lead and boras glass, and fnse on Ch in 
tbe R. F., p. 401. Cupel tbe load button for Ag>, p. 407. Teat with nitric acid for 
An. p. 330. 

9. Test for CI, Br^ and I with a bead of 8. Pb saturated with oxide of copper, pp. 
373, 374, 375. 

10. Test for CI or Br with bisatphate of potassa, p. 374. 

11. Test for IIO in a closed tube, p. 353. 

12. Test on platinum wire, or in platinnm pointed forceps, for coloration of tbe 
flame, p. 72 cf atq. 

13. Test for CO' with hydrochloric acid, p. 360. 

14. Teat for NO" with bisulphate of potassa, p. 354. 

15. Test for Te in an open tnbe, p. 351. 
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BLOW-riPE APPAEATUS. 



BLO\Y-PIPE APPARATUS, 

insSUFACTtJKED BY HAWKINS AND WALE, STEVENS DT- 
STITUTE, nOBOKEN, NEW JERSEY. 



FOB qCAl.rr.lT 

Clow-i»ipo, wHh two plntinnm jets 83 00 

Blovr-pjpo lump A r.O 

I'latiiium-poiuted rorcops.i. I T;"i 

titiwl force |)s, for ]ftmp Ki 

Ciittiug ptjtTS 1 W 

Platiiiiiin wire-linlder, with Bis wirra 1 TO 

Hnmnier 7J 

Auvil Co 

Bar-mniniet '£i 

MaKDifier, with two leusea 1 25 

Ali'ulml lamp, witb briisscovtr 75 

Chnrcoal saw :«> 

KuilB 38 

Tn-o Lnishi-H 20 

Lninp-BoisHors 40 

Coal-tray 65 

Dirt-tray 40 

Charoont-bottir, cliib-aliajic 1 25 

Hteol luUing-spatulti ._. 40 

21 06 



FOR QI-.ISTITAT 

TToMet for evapotating-ilish, triiiii;;lc, &t $2 00 

HoMlt for funnel UDil chimni^y 1 M 

Flat-noaeplyers, (uip])ets) 45 

Cliiin-oal-WLT.fiHirt.inifml frf 

Chnrcoal-boror, witb spatulii 40 

Two ivory HiHiouij 00 

Maltrass-fioliW 35 

MiiinR-cspBalo, tirass gilded 45 

Two kmiibes . US 

Box for Buita papers 'Zi 

Wooden form for paper oylindera 15 

C 11 pel-lioider, Willi two cupel-cups aud ouo mtM 1 75 

Cliareoal-liolder, with platinum rinijaiid screcu 2 25 

TeHt lead nieiuiare 38 

A!v4ay biitlon bruab 45 

Stand for ebnreoal -bolder 12 

Cbunxial-borer, club sbapo • ....-- 1 25 

13 25 
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THE BOUNDARY-UNE BETWEEN GEOLOGY AND HISTORY. 



By Edward Scrss. 



[Translated for the SmithBoaian InstitntioD.] 

If we were to attempt a general review of the whole past history of 
onr earth and its iahabitauts, we shoald be immediately led to consider 
the first appearance of man as one of its chief epochs. The study of 
the countless ages preceding that epoch belongs exclaaively to geol- 
ogy and palfeontology ; the stndy of the later and much shorter period 
principally to history. 

The boundary between geology and history is therefore the time of 
the first appearance of man, and it is tlie part of a lecturer on this epoch 
to describe the phenomena which attended the first appearance of the 
human race. However, that cannot be done in the present state of 
science, since it is probable that man did not appear everywhere at 
the same time. Perhaps thousands of years intervened between his first 
appearance in Asia and America, in Europe and in Anstralia, and hence 
it is necessary to divide onr subject into geographical periods. 'We shall 
confine ourselves to the first appearance of man in Central Europe, that 
part of the earth being the only one which has been saflicicutly inves- 
tigated in this respect to arrive at any possible scientific conclusions. 

Geology teaches that our mountains were produced by numerous dis- 
turbances after many changes in the distribntioiiof land and water, and 
that afterward they assamed their present forms, and the continents 
their present outlines. Palaeontology exhibits to us strange beings iu 
the first periods of life, whose forms, only in a few instances, present any 
analogy to existing species. The nearer we approach the present time, 
however, the greater becomes the similarity to the present animals and 
plants. Even before the appearance of man in Central Euroiie, there were 
first marine and then land animals and plants, Iiindred to which still 
exist; and since their places and modes of living are known, we are 
enabled to draw from them many certain conclusions as to the external 
conditions of life in those ancient times. In this way the geologist and 
the palfeontologist approach the first appearance of man from distant 
ages, and the nearer they approach the clearer are their observations 
and the more certain their conclusions. The opposite is the case in his- 
tory ; the historian must go backward to aiTive at the same point. 

If, now, in Middle and Northern Europe we endeavor to go back 
before the times of which we have the short and partial descriptions of 
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HomaD ListoriaDS, we find nothing but a few obscare traditions. It is 
known, Lowerer, especially tlirongh tbe examination of ancient graves, 
that these regions were inhabited by people who made their weapons 
and tools of bronze, a mixture of copper and tin. The remnants left 
by these people indicate peculiar taste for ornaments and great skill in 
tbe working of these metals. This great epoch of civilization is culled 
tbe age of br<mze. 

Other discoveries show that before the age of brooze there lived a 
people who were ignorant of tbe manner of working the metals. They 
made their weapons and utensils only of stone, sharp splinters of bones, 
and of wood. This more ancient epoch has been called the age of stone. 
To it belongs a great number of the graves found in Denmark and 
Sweden. Our knowledge of the mode of life of some of tbese ancient 
peoples has been increased in an unexpected manner by the discoveries 
of the Swiss archfeologists. Tbe very low watermark to which tbe 
Swiss lakes fell in 1854 laid bare extensive palafittes or pile-construc- 
tions in the lakes of Geneva, Constance, and many others. In some of 
these, remnants of the age of brouze, and in others of the age of stone, 
were found between the piles in tbe muddy bottom of the lakes. Od 
these piles were erected formerly tbe habitations of tbe natives in such 
a manner as to pmtect them against the attacks of their enemies and of 
wild beasts. It is koowo that snch palaflttes are still in use in Kew 
Guinea ; aud Herodotus gives a detailed description of similar construc- 
tions in Lake Prasias, where Megabazus, the general of Darius, found 
them. 

Appnrently tbe age of stone can be divided into an earlier one, in 
which men only knew how to cleave stones in order to give them tbe 
required shape, anil a more recent one, in which they understood the 
art of grinding and polishing stone artitMes. The traces of the oldest 
time are tbe most interesting, because we can inquire how far they corre- 
spond with tbe facts which natural science reveals to us. Here, then, 
geology and palieoutology have their brightest pages, while history 
shows ns tbe first traces of human existence. For this reason our con- 
sideration of the question is geological rather than archieological. Our 
method will be as follows : First, we shall consider the phenomena ap- 
parent in the inorganic creation of that epoch, and then describe the 
plants and animals which existed in these regions immediately before 
the appearance of man. We shall also show under what circumstances 
traces of the oldest age of stone have been in various places discovered. 

There are in these places large masses of loose rocks, which evidently 
came into their present position at a time after the surrounding country 
had assumed its present condition, Tbe most remarkable of tbese are 
those brought to their present places by tbe glaciers. Ice is not abso- 
lutely solid, but possesses a certain degree of viscosity, which causes 
masses of it collected on the high mountains to flow slowly down into 
tbe valleys in the form of great streams of ice. These would soon fill 
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ii)> tbe Tallcys were it not for the milder temperature of the latter, wliicli 
melts tlieni aad puts an end ti> their progress. Frequently roeka fall 
down upon them from the precipices above and are carried down hito 
the valley. These stones collect at the lower eud of the glaciers, form- 
ing heaps called moraiues, and are usually in the shape of a ball'-moon 
with its concave side toward the glacier. If a long-continued cold 
temperature sets in, which favors the progress of the glacier, the latter 
nill push betbre it the moraine, along with a mound of earth, uprooted 
trees, &c.; and if the temperature rises, the lower end of tbe glacier 
melts away and the glacier apparently recedes, leaving the moraine at its 
advanced position as a mark of its extent to future observers. 

Snch advanced moraines are found with nearly all the larger groups 
of glaciers in Central Europe, some of them miles away from tbe pres- 
ent end of tbe glacier, as, for instance, at Berne and Zurich in Switzer- 
land. Mountain-ridges like tbe Carpathian, which have do ice near 
tbcm to-day, have ancient moraiues. Marienzell rests upon bowlders 
bronght to their present position by glaciers- At tbe foot of the 
Bosulia Mountains are found tbe traces of glaciers which formerly ex- 
isted on the Wechsel and Schnee Mountains. 

Since these moraines extend directly across tbe valleys, they often ob- 
struct the water- courses and give rise to Alpine lakes. The upper lake 
of Gosan is bounded toward tbe valley by the moraine of the western 
Dacbstein glacier. The " Meerauge," a lake in the Tatra Mountains, is 
bemmed in by a similar moraine, although at the present time there is 
Deitber a glacier nor even an extensive snow-field in tbe place. All 
these moraines are a proof that a much colder temperature n^st bave 
prevailed in these regions at a time after they possessed their present 
formation, and if these traces of past glaciers are so numerous in tbe 
latitude of Switzerland, we can easily imagine that they are still more 
extensive farther north, in Scandinavia. 

The northern jiart of Euro|)e also presents other striking phenomena, 
■which must be describeiliu detail. Tbe topography of a region depends 
on the relative height of its different parts ; tbe distribution ot laud 
and water on the absolute height of the whole. The level of the sea 
tuay be taken as unchanged. By the "continental" elevation and de- 
pression of large regions, considerable changes bave been produced in 
tbe outlines of tbe dry lands, and these changes are divided into three 
great epochs. 

I. The first epoch is that of depression. Then the sea extended as far 
as Oanover, and from Breslau to Cracow. The whole Kortb German 
and Central Russian lowlands were under wnter. Scandinavia and 
jtarts of the British Isles were above the surface of tbe sea. In Scandi- 
navia the ends of tbe glaciers reached down into the sea, just as they 
do in arctic regions in the present day, and from time to time a large 
piece, often covered with huge blocks of tbe moraine, would separato, 
float down to the southward, and there deposit it« load. Thus it faap- 
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pens tliHt a larj^e portion of Oentriil Europe is to-day covered with a 
bowlder formation of Sctiudiiiaviaii or Fiunic origiti. 

2. Tbe foUowiug epoch is, od the contrary, one of extensive and cod- 
siderable uplieaval or elevation, which has been si)ecially studied by the 
English geologist Anatin. While the sea had before extended so far 
into Central Europe, all the sea-bottom between Ireland, France, En- 
gland, and Scandinavia was now raised above the surface of the water, 
and our continent extended as far as the Shetland Islands. What is 
to-day the North Sea was then an extensive lowland, traversed, no doubt, 
by a large stream, the continuation of tbe present Rhine, which then 
bad the Elbe and tbe Thames for tributaries, and its mouth far to the 
northward. Even at the present day fishersfind in the deeper portions 
of the North Sea boues of deer and elephants, which once lived on tbe 
banks of that great river. On many portions of its banks submerged 
forests are known to exist, reaching far below the present sea. The 
present bottom of the sea presents a line of steep descent at a depth of 
about 200 fathoms. This line runs west of Scotland and of Ireland, in- 
cluding, therefore, that island also, and approaches the present continent 
only in the direction of the Bay of Biscay. There is some reason for 
supposing that this line indicates the former outlines of Europe. 

3. The next epoch was that of the depression, which gave the conti- 
nent of Europe its present form. 

The most important changes which can be recognized in Europe at 
80 late a period are a severer climate and repeated alterations in the dis- 
tributiou of water and land. Astonishing as these phoDomena may 
appear, a glance at the present state of things will demonstrate their 
possibility. 

Europe possesses at present an exceptionally mild climate; a stream 
of warm water coming from the Gulf of Mexico washes and warms the 
greater part of its western coast ; warm currents of air* blow over its 
southern parts from the Desert of Sahara, and the absence of a large ex- 
tent of country near the north pole prevents the accumulation of great 
musses of snow, and the cold winds resulting from it. But all these 
favorable conditions could be completely removed by a change in the 
distribution of land and water. Such changes are, indeed, still going 
on in some places. A portion of Sweden is known to be rising, while 
a part of Greenland is sinking with considerable rapidity. 

Having thus far considered only the inorganic world, let us now turnonr 
attention to the organized beings which inhabit Central Europe ander 
the above curcumstances, and we will see that their character entirely 
corresponds to a severer climate. 

The remains of the land-animals of those times are found either ia 
alluvium or in caves. An alluvium of yellowish-brown clay, found in 
most river-valleys of Central Europe, is formed by iVesh-water rivers 
or lakes, and contains no sea-shells. Id it we find the shells of various 
iand-snails and the remains of herbivoroas mammals much more fre- 



THE BOUNDARY-LINE BETWEEN GEOLOGY AND HISTORY. 227 

queutlj tbau tlione of boasts of prej. In caverns, however, the latter pre- 
(loDiiiiiite. Since tlie herbivorous aniniiils, which were carried to the 
caverus by beasts of prey, were the same as those fouud in the nlluvinm, 
and since we occasionally find remains of the same beasts of prey in 
the alliivinm, we are justified in considering tbeir existence as coeval. 
The whole fauna of mammals may be divided iuto tour gronps : 

1. Animals now extinct and not mentioned in human traditions. To 
these belong the mammoth {Elephas priniigenius), the large two- 
homed rbiuoceros with bony septum in its nose {Rhmocerog tidior- 
kiitux), the cave-lion, hyena, and beiir, and the Ursns priscus. 

2. Animals which are known to have become extinct, or to have been 
exterminated in historical times. Among these are the "8ehelch''of 
^iebelun gen -Lied, [Cervus euryccroe Aldr.,) a very large species of deer, 
related to the fallow-deer, but much larger; the Vruii, or ur, of the an- 
cient Germans ; and another species of ox, the Boa longi/rona. Among 
those which are nearly exterminated or driven out of Central EnroiK in 
historical times are the wisent of the Niebelun gen- Lied — an auimiil 
still kept iu tbe Lithuanian forests by order of the Russian government, 
and often exhibited as a Urvs in menageries — the elk, and the beaver. 

3. Animals still living in Central Europe, such as the wolf, fos, pole- 
cat, hog, horae. 

i. Animals still estant, but not in the lowlands of Central Europe. 
To these belong the reindeer, the North American mnsk-ox, the com- 
mon lemming, tbe glutton, (wolverine,) which now live mnch farther 
Dorth, and the marmot, now found on tbe Alps. 

The fourth group of mammals points with great certainty to a colder 
climate during those times. The bones of all tbe above-named animals 
have either been found in the allnviom, or iu caverus, or in both. But 
besides these direct discoveries, there is an indirect way of obtaining 
information co&cerning the ancient tlora and fauna, which the English 
naturalist, Edward Forbes, has tbe credit of discovering. The phe- 
nomena which will now be mentioned seem better calculated than all 
others to cast some light on the first appearance of man iu Central 
Europe. 

The researches of tbe last decade leave no doubt that each species of 
animal or plant had an original home, from which it spread in different 
directions in the course of time, according as tbe external conditions of 
life permitted, and no geographical obstacles, such as a sea, or a very 
bigh mountain -chain in the case of a land-animal, were in the way. 
Heiice, each species has a geographically connected region ; and where 
this is not the case, we may assume that this region was divided by 
later influences. 

In many cases human inflneuce is perceptible ; the lion, for instance, 
bas a considerably divided region, having been exterminated in tbe 
ancient civilized countries. Tbe ox, on the contrary, has a twofold 
borne, by having been transported to America. 
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All these changes produced by mao affect only single species, and 
not the whole fauna. The pbenoueua which miiBt be ascribed to geo- 
logical revolutions are much grander. The flora of the Canary Islands 
and of the Azores, in particular, shows so great a resemblance to that 
of tbe Western European coasts, that we must assume tbe former con- 
nection of these points in spite of their present distance apart. The 
inhitbitants of the island of Mu<laga8car differ, on the other hand, from 
those of the eastern coasts of Africa, and those of the Galapagos 
Islands from those of the coasts of Sooth America. Hence it follows 
either that the separation of these islands from the continent is older 
than the inhabitants of the islands, or older than those of the conti- 
nent, or older than either. 

In Central Europe there are to day two remarkable examples of di- 
vided regions. The first consists in the identity of the flsh species in 
our varions rivers, and this is at least pavtially explained, on geologi- 
cal grounds, by the very plausible supposition of a large stream in the 
region of tbe present North Sea, which had tbe Thames, tbe Elbe, and 
others for tributaries. The present inhabitants of our rivers may be 
considered as tbe isolated remains of those which formerly {leopled the 
great uuited stream. 

The second phenomenon is the following : On the isolated heights of 
.various mountains a peculiar flora repeats itself, and many si>eciea of 
this Alpine flora are found again far away in Scandinavia and Lapland. 
Many animal species are distributed iu the same way. The white 
mountain-hare, [Lepus rariabilis.) for instance, is found in the pine-disi- 
tricts of the Alps, on the mountains of Scotland and Ireland, and ta 
Scandinavia, Lapland, Northern Bnssia, Siberia, and Greenland. If 
this animal came on onr mountains from the far north, how does it hap- 
pen that it is not found in the intervening valleys ! 

Now if tbe hypothesis of the original connection of such rogioDS is 
correct, these Alpine species mn.st have had some connection with' the 
northern ones ; and since it has been observed that tbe reindeer and 
lemming not always lived far north, but also iu Central Europe, and that 
the marmot could also exist there, it is highly probable that iu Central 
Enrope all those species of plants and animals existed then which are 
DOW found t>oth on our mountains and on those iu the north. 

In the colder time these beings, therefore, had tbeir common abode in 
Central Europe, and were distributed gradually while the change of 
temperature was going on, since they could only find the conditions 
necessary to Iheir existence on high mountains or iu boreal countries. 
Some only remained in the valleys, (those of tbe second and third 
groups,) some l>ecame extinct, (those of tbe first group,) and some emi- 
grated, (those of the fourth group.) At the same time new species of 
animals and plants appeared, which form the greater part of those of 
tbe present day. The merit of having indicated how we may obtain 



^d by Google 



THE BOUNDARY-LINE BETWEEN GEOLOGY ASD HISTOIIY. 229 

iDlbrmation on the order of their appearaDce also beloiigB to Edn'ard 
Forbes. 

Tbe gradual appearance of these apeeiea is conuected with the estab- 
lishment of a milder climat«, a coimeqiieuce of the gi'eaC depression or 
siukiDg of the Europeau coasts, through which the sea gradually en- 
croached on tbe Rhine, forming the Horth Sea and also St. George's 
Clianuel, With tbe immigratioo of new species the British Islands 
gradiiidly separated from tbe continent, and this isolation bad beeu 
already accomplished before tbe uew-comei's bad spread. These found 
iD8ui>erable obstacles in the newly formed channels, and never reached 
Great Britain. Hence it comes that of tbe twenty-two species of rep- 
tiles existing in Belgium, only eleven are found in England, and only 
five in Ireland. 

According to Mr. Thompson, if we compare the Irish faana with the 
Cnclish, we will find that tha former is deficient in many instances. 
Ireland lacks fourteen or fifteen species of the eighteen English varie- 
ties of hats, many other common animals, as the sqninel, the dormouse, 
all field-mice without exception, the common fleldhare, the pole-cat, 
tbe wildcat, the mole, many kinds of shrew-mice, all snakes, the common 
lizard, {Lacerta agitis,) &c All these, we may therefore suppose, reached 
Kngland only after Ireland had separated. Hence we see why the 
nioun tain-bare is found on the Irish mountains, while the common field- 
bare is wanting in tbe valleys. It also apjiears that some of the most 
commou inhabitants of our fields and meiulows are among the animals 
wanting in Ireland. Perhaps tbe country was comiK>sed only of forests 
aad swamps at the time Ireland became separate. 

We furthermore see that the auimnls now existing together in Oen- 
tral Europe did not api>ear together; they may, therefore, be divided 
into groups, not according to their organization as by tbe systematist, 
but simply according to the date of tbeir appearance in Central Europe. 

It is from this point of view that we may obtain the means of judging 
of tbe first appearance of man in these regions. We must show under 
what circumstances tbe most ancient traces of man were found. Two 
iustractive and fully accredited discoveries will suffice to show that tbe 
first api>earance of man dates much farther back than is generally sup- 
posed. 

1. Belgian scholars (especially Sehmerling and Spring) found human 
Ixtues and crudely made weapons of fiiut in the caverns of Goufl'ou- 
taine and Ohokier in the"Trou chaovan" between Namur and Dijou. 
These remains were accompanied by the bones of the cave- bear, hyeun, 
lion, "schelch''deer, and a species of horse, in a manner which leaves 
no doubt as to their coexistence. Three fragments of human skulls 
were found there, which differ from all at present existing in Europe by 
being long and flattened out at tbe sides and by the shape of the fore- 
bead. They apparently belonged to an elderly man, a twelve-year-old 
and a seven-year-old child. Human lower jaws have also beeu found. 
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Tbeyare broader ia front, and the cbiii forms a sharper angle backward, 
tban in any of tbe present Guiopenu races. Tbese skulls, therefore, 
exhibit a proguathous form, whivh is only found iu a low state of civ- 
ilization. 

2. In 1849 M. Boucher de Perthes, of Abbeville, in Northeastern France, 
announced that be bad found strata of sand aitdalluvinm, in which skel- 
etons of extinct species of animals occurred, togetber with human weap- 
ons and tools of flint and stag-bom. Soon alterward Dr. Rigollot, of 
Amiens, made similar discoveries, and many excellent geologists, like 
Prestwicb, Lyell, &c., who visited these regions since, agree that the 
liuman and animal remains found there are of the same date, llumao 
bones have not been found there. Of the animal remains it is sudicient 
tomeution tbe mammoth, the rhinoceros with divided nose, and the cave- 
hyena ; the appearance of tbe reindeer is also of special interest. 

Sir Charles Lyell described these discoveries in detail last fall in his 
opening address as president of the British Association. Acconling to 
his statement the alluvium stratum has been explored to a distance of 
fifteen English miles, and has already furnished over 1,000 flint utensils. 
To explain such a numerous occurreuce of these manufactures along 
with animal skeletons without the presence of human bones, Lyell 
instances a phenomenon observed by him on Saint Simon's Island, in 
Georgia, North America. There the traces of an old Indian settlement 
are visible iu a stratum 5 feet thick and covering about ten acres, which 
contains oyster-shells, arrow-heads, stone hatchets, and fragments of 
Indian pottery. If now the Altamaha Iliver were to wash away this 
stratum from the island and deposit it again farther along its course or 
at its month, we would have a deposit of numerous human manufactures, 
but without human bones, just as at Abbeville. 

Tbe occurrence of the reindeer along with human remains baa re- 
cently again been conflrmed by Mr.Pi-estwich, who found afliht weapon 
immediately under the horns of a reindeer in the cave of Brixham, En- 
gland. This animal, as is well known, is very sensitive to milder tem- 
I>eratures; all attempts to acclimatize it in Northern Scotland have 
failed. It therefore follows, not only that man was the contemporary of 
tbe extinct large mammals of the first group, but also, from his simul- 
taneous appearance with the reindeer, that he was a hunter in Central 
Europe already at tbe time when tbe climate was much severer than it 
is now. 

If we compare these most ancient human remains yet discovered with 
those of the palafittes, which may be counted as belonging to the age 
of stone, we will perceive striking difterences; first, the position of the 
palafittes proves certainly that the water-level of the Swiss lakes baa 
not changed very considerably since their construction, and we may 
therefore conclude that the glacier period was past at the time of their 
construction. In some cases this can be fully proved. Among the 
I'cmaina found in them neither the reindeer nor any of the animals of 
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tiie first or fourtb groups occur. Tortoises, wbose remains are fonnd 
tliere,urecospeciflcwith tbeEaropeHiiswHinp-tortoiseillieslitfllRof wliich 
occnr vith bamaD remniDS in Scanditiavia, in i)eat in Unogary, and 
wbicb, according to Tscbodi, is even foaud alive in the Henas Valley, 
Switzerland. Among vegetable reinains numerous broken bazel-uut 
shells are remarkable, not because tbey were necessarily an article of 
fooil of tbe lacustrians, but because tliey belong to a plant, wbicb was 
formerly widely distributetl and wbose fruit is even found in the peat 
of the Sbetiand Islands. Cereals have also been found. 

Tbe articles of bamaD maunfacture from the ])a1afittes also differ from 
those of Abbeville and tbe Belgian caverns. Tbey are not cleft bnt 
grouud. Sherds of pottery- ware are only found in the former, and every- 
thing points to a higher civilization and to external circumstanveR, 
which conld not have been very dilfureut from those of the present day. 
A pearl of aml>er found by M. Keller in the palafittes of Meilen, in Lake 
Zurich, is perhaps another proof that the eastern coasts of Prussia were 
tbe same then as now. 

If we are warranted, therefore, in nssnming the prevalence of a 
severe climate during the first division of the age of stone, because of 
the simultaneous occurrence of tbo reindeer and weapons of flint, and 
that tbe palatittes coutjiin indications of conditions similar to tbe pres- 
ent, it follons that the last great changes in tbe temperature and tbe 
concomitant redistribution of land and water took place within the age 
of stone of tbe archaeologists. And since the migration of organic beings, 
like that of the lowland tlora of those times, to the Alps and to Scandina- 
via could only take place very slowly and under a very gradual change 
of climate, we must assume that tbe age of stone included an extremely 
loug |ieriwl of time. 

The first progress of tribes in civilization is always slow, and the 
Hindoos do not show divine honors to Twacbtri, who taught the prei>- 
arntion of brass, uitbout a cause. JSo one knows how loug before P:tu- 
Banias the Sarmatian stuck to his arrows of bone- splinters, or how long 
tbe AI'Hciin has burled bis boomerang. At tbe time of Biodorus, the 
arms of the Libyan consisted of three light darts and a leather hag of 
stones. To-day the traveler finds tbe same weapons in the hands of 
tbe African. 

Combining what has been said, tbe following appears to be the result 
of the most recent researches conceruiug the antiquity of man in Cen- 
tral Europe. 

Even at a time when Central Europe was cold enough for the reindeer 
to live in Northern France, when tbe mammoth and the rhinoceros in- 
habited tbe swampy shores, and lions, hyenas, and bears the caves, 
vben Great Britain was probably connected with the continent, and 
Scandinavia with Denmark, a race of men lived there who bad prog- 
nathous skulls, and possessed only weapons of flint and bone-siilinters 
to bant food with and to protect themselves against these hirge beasts. 
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Graduulty, in the course of thousands of years, the land sank, tlie sea 
separated parts from it, and a milder temperature prevailed. Then a 
pni'tioD of tbe flora and fauna slowly migrated, partly to the moant- 
ains, partly to the north, and partly to both. Many large animals like 
tbe mammoth, incapable of living in the mountains, remained behind ; 
the lowlands at the lower part of the Rhine's course, which were prob- 
ably the principal abodes of these large herbivorous auimals, grailu- 
ally sank below the present Xorth Sea, so that tbey, esposed to an un- 
congenial climate, surrounded by a new immigrated flora not their orig- 
inal food, and subjected to the attacks of man, gradually died out lu 
the lowlands new species continually appeared, many after Ireland and 
some few after England had already become separated from the conti- 
nent. Finally came new tribes of men with new arts, and we find tbe 
first traces of agriculture, ilere the bistoriau takes up the account 
from tbe geologist and palasoutologist. 

This sketch necessarily remained imiierfect, because it was not possi- 
ble to make it include all the (urtber proofs furnished by the study of 
tbe present distribution of plants, of lower animals, (JaudsuailH,) and 
esi)ecially of marine animals. It was also necessary to pass over all 
those phenomena which relate to the existence of a separate population 
in Western Europe. But perhaps what has been said will be sufficient 
to give a general idea. 

Defenseless, like no other animal of the same size, man is born with- 
out sharp teetb, without claws, without any e^tternal means of defense, 
such as tbe fur of many beasts. The child i:^ dependent a longer time 
on its motber than the young of any other animal, and no being is as 
helpless. And yet man has made himself the master of all. He has 
made a thousand instruments, fire, and the modulations of speech bis 
own. The space of time, which now follows and which is called tbe Ago 
0i' Man, exhibits one great, enduring, eminent characteristic — the pro- 
gressive, irresistible triumph of tbe intellect. 
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EXPIANATION OF THE PRINCIPLES OF CRYSTAllOGBAPHT 
AND CRYSTAllOPHYSICS.' 



Br ARieTiDES Brkzina. 



INTRODUCTION. 



Among all the mettaoils io crystallORTiipby there is not a siugle one 
wbicU has remained ao compk-tely eoiiflod witbiu special limits as Mil- 
ler's. The reason for this is not tlio abstract method Id which the sub- 
ject ia treated, nor its difflenlt mathematical principles, but i» principally 
owing to the fact that, up to this time, it has never been treated separ- 
ately from those oiieratious which serve for the derivation of certain 
special mathematical formulae in the flrst principles of geometry. 

Miller's method ia really capable of au elementary treatment, which, 
almont without the uae of mathematica, reudera possible not only the 
quick and certain explanation of all combinations in the way of zone- 
observations, but also the recognition of the physical characters of 
crystals on the basis of their relations of symmetry. 

Those characters of this known method are especially usefnl for min- 
eralogists and lithologists, who make microscopical obser\-ations : for the 
first, because he, without many measurements and calenlations, can 
sbow, from only the aimple inspection of a crystal, the connection of the 
different faces, together with the explanation of the combination ; and 
for the latter, because he is in position, on accoant of a precise knowl- 
edge of the relations of symmetry, to recognize, in thin sections, both 
tbe crystalline system and the elements of a crystal ; and in Itoth cases, 
withont presumption of such mathematical knowledge, which is without 
tbe departments of miDeralogists and lithologists. This method is, tor 
this reaKon, not only simple and fundamental, bat is in every way supe- 
rior to the others in uae, which have originated with Weiss, Naumaun, 
and Levy. 

One of the most important advantages of it is the possibility of a 
simnltaneons develo[iment of the crystallographic and physical rela- 
tions of every system from its known symmetry. This method of pro- 
cedure gives, ft^m the very commencement, a complete insight into its 
habits and characteristics, and secures, during its development, a survey 
of the whole theoretical structure. But while this method of derivation 
was first carried out for the crystallographic part by von Lang', the in- 
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troduction of Whowell's' method of notation of the faces of crystals 
was uu iiuportant eleoient in Miller's system. 

Miller's syaibols consist, as will be explained later, of three indices, 
which are inversely proportional to the intersections of the faces on the 
three axes; while iu Wetss's system they are directly proportional. 
Naumanri's and Levy's systems sometimes give sections of the axesand 
sometimes the relations betweeeu two sections. The advantages of Mil- 
ler's notations are very numerous: Chiefly it allows of representing every 
individual face; while Nauraann's and Levy's symbols give only the 
lorm, t, e., the re-uniou of all the faces which belong together. When it 
is necessary to represent the whole form ii> Miller's system, the symbol 
of the face is re[>resente<l in parentheses ; it has, therefore, the adviio- 
tage, that, according as it is required, either the face or the form can be 
esactiy and concisely designated. 

Miller's symbol is, besides, exceeding simple and convenient. While 
here three low whole numbers, 0, 1, and seldom 2, are sufficient, ia 
We isfi'fi system three or four fractions, and three or four letters, iu groups 
of three or four, are required, separated by colons : 



\^a:b: oocl or [ja 



In Naumann's, two fractions and a letter, with ^lerbaps as many as four 
accents, as : 

2iicoori'P',i2 
Levy's symbols are, in many cases, complicated, as in pyramids : 

bi d' dl 
where there are three letters and three fractions. 

Kaumaim's, and Levy's symbols are not symmetrical with regard to 
the crystal lographic axes, t. e., while with Miller the first, second, and 
third indexes refer invariably to the first, second, and third axe«, it is 
never the case with Naumann, and with Levy only in the most compli- 
cated cases (the pyramid of the secoud onler) that every axis is repre- 
sented by an index, and even iu this case the signs of the axes change 
their position. This symmetry of axes is important, because it makes 
both the transformation of the indices in changes of ases, as wellasthe 
calcntatiou of zone-equations, exceedingly simple and demonstrative. 

Singularly enough, this side of Miller's symbols has beeu attacked be- 
cause in Naumaiin's and Levy's symbols the difference between pyra- 
mids, prisms, domes, and pinacoids is apparent. This is, however, 
extremely unjust. In Miller's system, in the symbol of the pyramid, 
there are three O's of diflfereut values. In the symbol of a prism or dome, 
an index is equal to 0; a pinaeuid has the symbol (1 0), (0 1 0), or 
(0 1), which contains two 0% and is certainly a difference which strikes 
the eye. 

As opposed to the notation of Weiss, Miller's method, besides the 
I Wbewell, PhU. Tiuus., ISia, p. 87. 



n,„iz...,Coog[e 



PRINCIPLES OF CRYSTALLOGRAPHY. 235 

brevity meotioned above, has the further adrantago that, instead of the 
symbol CO, zero is used, because the figures of 'both these systems are 
reciprocal. How great the importance of this particular is in tbe calcu- 
lation of zone-eqaatioDfl will be immediately shown. On tbe facility of 
zone-development, however, depeuds the quick and sure solution of the 
coinbinatiou. 

Tbe method of establishing a zone-equation is, according to Miller, aa 
follows: Given two faces, efg andpgr, the sigu of tbe zoue formed by 
both can be obtained by crosswise multiplication and subtraction, as 
Ibllons : 

efo efg 
XXX 

P<1 •>■ Pir 

[fr-gq; gp-er; eq-fp] 
\u r wl 

[uric] is the symbol of the zone; now, efg p 5 r are severally whole num- 

bt'Fs; the products,//, gq, gp, , are, tor that reason, likewise so; 

the same is therefore true of their differences, which represent tbe in- 
dices uvtr of the zone. 

If tbe face xyz lies in tbe zone represented by [Mrir], the similarly-sit- 
uated indices of face aud zoue multiplied, and all three added together, 
must be equal to : 

A numerical example makes the brevity still more apparent : 

abc 210 210210 

XXX 

pqr ill 1 I 1 1 1 1 

1.1-O.T; 0.1-2.1; 2.1-1.1 
l-y- 0-2; -2-1 

uva [lS3j 1 2 3 

xyz 3 01 1.3+2. 0+^.1=3-3=0 

Tbe face 3 01, therefore, lies iu the zone [1 2 5j, produced by2 1 aud 
111. 

Let us observe tbe method of zone-calculation according to Weiss:* 
Given two faces — 

|aa:;S6:nc[ and I'l'a : jS'fc : »(c| 

which are already reduced to a similar co-efficient of c. The zone pro- 
duced is — 

(nc; a"a+,3"b) 
therefore — 

a"- i5l(''-'5') . 8" - l^-^' ("-"' ) 

* Weiss, Berliner scademiscUe Abbandlnugen, 1820-21, pp. IG9-173. 

C.ooglc 
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The values aa', (S,5', are therefore Degative wheu the axes o 
which they staud, are priuietl (a' h'). 
If the face— 

I a'" a : .9" b:nc\ 



lies in this zone, one of the following i>roi>ositioDs must be right: 



The simple ioapection of this method shows how minute in detail this 
method is. Iti the first place, the symbols of tlie faces, with res))ect to 
au siSis, (in the above case c,) mast be reduced to similar co-officicDts ; 
theu by multiplication aud addition, respective subtnwtion and division, 
the values a" aud jS" are to be determined. It is to be remarked that 
both the numerator and the denominator of these qaantilies are frac- 
tions, which must be reduced to a common denominator. The calcula- 
tion, it is true, {loc. eit., p. ICO,) cau be simplified when the symbols of 
the faces are written — 



- ft : MC 



This, however, is using Miller's syuibols, which are the reciprocals of 
Weiss's; aud even then the Cidculation is more circnmstautial, because 
the three symbols are equated with reference to c, and are not symmet- 
rical according to the three axes. 

The steps of the calculation in the hesugoual system are still more 
incumbered, since, from a four-mem bered symbol a three-membered 
parameter must be Bi'st calculated, and theu introduced into the previ- 
ously-developed calculation. 

Queustedt* employs these symbols in his so-called zone-point formulre 
iu a somewhat mora couvenieut, althongb in a much less coucise, man- 
ner than Miller. Let there be three faces — 



I IB g : « J * :c|, |pM;9fc:c|, and jxa : yit : cl 

whose tautozonality is t« be proved. For every pair of these the zone- 
point formulae must be written, and the verification as to whether the 
zones are identical, made. Thus, for the zone — 



\ma:nb : el to 



\ pa--qb:c 



* QaeuBtedt, Miiieralot;iu, 1^63, p. 4 
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Tbe same mast be done for tlie Z0De-~ 

|i»«:n6:c to Lra:i/&:c 



from which, as a condition of tantozonality, follows the equality of both 
relations. Qneiistedt and P. Klein* employ the zone-control in thin form. 
It is to be remarked that these zone-point formulae can be essentially 
simplified, t>ecanse the denominators of both sides are alike ; thus — 

Va »y \" vJ \J 'V V'» 'J 

Also, the condition — 

k.g nj \m pj \y n) \m xj 
Bnt this equation is much more complicated than Millers. In our 
former example we had — 

210 = Ja:ft:coc;lll=a:6':c;301 = ia:co6:o 
Exchanging the axes a and c in all the three faces, in ortler to be able to 
make the coefficient of c equal to unity, which has no influence on the 
tautogooality, we have — 

Via : b : ic ^ a : J/ : c ; a : col> : ^ c 
or — 

COrt:26:c;a: 6' : c ; Sa : mb : c 
It follows that — 

m n .i p q x 'A y 

bv substitntion — 

(—D <«-') = C»-0<"-D 

or — 

3 . 1 1.1 



Tbe proportion is correct, consequently the zones exist. The numerical 
valaes of the letters must here, also, be substituted aceonling to the 
above-mentioned method, and the division carried out; while in Miller's 
method tbe verj" simple and symmetrical calculation can be carried out 
on the indices, without the help of letters, by means of the crosswise 
multiplication and subtraction of whole numbers. 

■ Klein ; Leonh. Jahrb., DjTl, p. 4g0, 
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Nanaiann's method is still more circnitous: first, Weiss's parameters 
muBt be calculated, and then they must be iutroduced into the equatiou — 



ab'e" b c' a" c a' b" a b" & ¥&' a' c a"Ti' 



in which abc, a'b'&, a" b" c", represent the parameters of the faces. If 
these Diimbers contain two figures, as is frequently the case in the hex- 
affonal system, there must be twelve multtplicatioDs, sis divisions, aud 
the addition made. The division must be carried ont to four decimal 
places, and sometimes farther ; while in Miller's system the convenience 
of a calculation with whole numbers is always secured. 
This circuitous counte has caused the adherents of the schools of Xau- 
, mann and Weiss, to this day, to use Quenatedt's method ; and they are 
contented with an approsimative zone- verification, while, since the foun- 
dation of Miller's method, even the befjioner is both capable of and 
accustomed to verify every zone by means of the exceedingly simple 
Cfilculation of zone-equations. In fact, Kohscharow,' in the year 1K66, 
again first called attention to the zone-veriflcation calculation, which, 
since the publication of Weiss, bad been almost entirely forgotten ; von 
Bath,' Ilcsscubers,* and 0. Klein* followed, replacing the coustraction 
in specially -com plicated cases by calculation. 

Tbo use of the angle of the normal to the faces, instead of the interior 
angle of the solid, is also important : in the first place, with respect to 
convenience and co;ci8eness, while, as a rule, the interior angle is 
greater tbau lOOo, and therefore contains three figures, the angles of 
the normals have, for the most part, two figures ; further, the angles 
measured at present with the reflecting- goniometer are for the most 
part angles of normals. In the simple evaluation of an angle with the 
eye even the supplement is easier to estimate thau the real angle, be- 
cause it is generally smaller. 

The most important advantage of normal angles is, that they can be 

immediately introduced into the calculation. This is especially apparent 

^. in tautozonal faces, in which, from two angles of every 

two out of three tautozonal faces, the third can be bad 

by simple addition or substraction, (Fig. 1,) as — 

p4 <Jo6+ <^bc= <^ac. <J«c — <^ab — <^bc 

bL/yV which is not the case with tlie angles made by the 

loy^ ° faces themselves. 

"T In the determination of combinations a very quick 

orientation is furnished by this method. Lastly, only 

normal angles are suitable for introduction in spherical projections, 

where they themselves directly form the sides of the spherical triangle. 

' Von KoLscLarow, Matorioliea ear Mineralogie Kusslaods, 186G, p. 216, 
' Von Rath, Poeg. Ann,, cxiiii, 181J7, p. liWi 

' HcHScnberg, Min., Not. ix in Seucbenb. Gcs., Abb. vii, 1870, p. 1^9. 
<Kletn, loe. cit., p. iBl. 
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This nlso shows one of the advnntagijs of the method of spherical pro- 
je(^lion8, which in entirely wanting in Quenstedt's svatein. Since, further, 
Miller'sentire metbodofcalculatioii is baseilnpou spherical trif;onometry, 
the iUustniting ffgure is shown on the projection, which, therefore, at 
the Siitae time represents the zone-con uection of the form and the method 
of the cnlculatiou of the crystal. 

Spherical projection has, fiunlly, the great advantage of being limited, 
so that the geometrical situation of all faces can be actnally delineated, 
aod can be iitiited in a compn-Ueusive representation, a characteristic 
which is wanting both in the gnomonic method and that of Queustedt. 
In this way alone it is possible to use projection for the iutnxhiction of 
all the physical relations, which circumstance, on account of its increas- 
ing use, is a very imi>ortant one. 

A reproach, which, although i>erhnps not expressed, still is silently 
made agoinct this method of projection, is that in its construction trian- 
gles and dividers are necessary, while with Qnenstedt's method trian- 
gles alone are used. This reproach is, however, entirely without foun- 
dation ; i'or, in the first place, dividers are necessary for every exact 
projection, even if only the conveuient form provided with steel points; 
but (or general use both triangles and dividers are unnecessary, be- 
cause on account of the extraordinary simplicity of zone-calculation 
the adherents of Miller's system of spherical projection are accustomed 
to use it only for representuig and not for investigating existing zones, 
and they may therefore save themselves the trouble of making an exact 
drawing, unless they intend to publish. 

To the many advantages of Miller's method no one has yet been able 
to oppose a disadvantage. If, in spite of this, it has not yet generally 
found its way into Germany and France, it is owing solely to the fact 
that in these countries Uuiiy, Weiss, and Nanmauu have taught; but 
when such completely independent theories are oQered, the learner 
satisHes himself for the most part with the system which has been ex- 
pounded ; or if he afterward goes beyond that, the system to which he 
was first accustomed is easier, and his knowledge of it more fundn- 
oienlal, so that be does not become acquainted with many of the advan- 
tages of the new system. 

The introduction of the Whewell-Miller principle was tried in Germany 
by Frankeuheim, and in France by Bravais and de Senarmont, without, 
however, any permanent result, llecently the. young german school, on 
account of the prominence to which the physical examination of crystals 
has attained, begins to make itself masrcr of detached parts of Miller's 
method. 

The puriM>se of the followiog pages is summarily to develop what is 
oecessary for the solution of a combination, or for the knowledge of the 
physical nature of a crystal. We shall, therefore, in the first section, 
treat, according to Miller's method, the pure geometrical relations of a 
crystal, so far as they are requisite for the determination of combinations. 

Otitic 
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Tbe second section treats of the possible systems of crystallization and 
their corresponding relations of symmetry ; it is talien as an abstract 
from tbe work of vou Laug. In tbe tbird section I have shown how, 
with the foundation of tlie optical relations of a crystal in general, tbe 
optical characters for each individual system of crystallization are 
derived from their symmetry, 

SECTION I. 

the geometrical relations of crystals. 

§ 1. — Miller's Stmbols. 




It is well known that the sitnation of nny plane is perfectly defined 
when its sections, o H, o K, o L, (Fig. 2,} of three straight lines, o X, o Y, 
o Z, which are not parallel, and which 
have a common origin, o, are known. 
These straight lines are cnlled tbe 
axes ; the point o the center of the 
axes ; the plane of every two axes, 
(■ X Y, Y Z, Z o Y, the planes of the 
axes; and the sections oH, oK, o L, 
tbe parameters of the face H E L. 

Because every axis cousidere*! in 

regard to O bas two sides, these are 

1 distingaisbed as tbe positive and 

negative half axes. For this reason the sections of the axes are used 

iu the calculation as + « H or — o H. 

The lines joining every two sections of the axes of a plane,(H K, K L, 

L H,)gi%'e the intersection of the plane H K L with the three planes of 

the axes. 

If we multiply the three parameters of a face with tbe same number, 

the direction of tbe plane re- 

'V'' z mains unchanged; it will only 

be moved parallel to itself, 

(Fig. 3.) 

From tbe equality of the re- 
lation — 




oH'. 



oK' 



oV _ 



resnlts the similarity of the 
tnangles K O L, K' O I/, &&, 
and from this the parallel* 
ism of HKL and H'K'.I/. 
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If another face, A B G^ is given, with the parameters o A, o B, o 0, 
which we may call a, b, c, then — 

A = a; o B = b ; oO = c 
and the face H K L is determined wheo the relations — 

, j._.oB__6 . 7__£^_ " 

"oH o~B' oK oK' oL""oX 

are known ; so a third face, H' K' L', is determined by its relationfl or 
indices h' 1^ V, in which — 



fc = ^ = 



; V=.- 



V: 



9H" " ~TE'' * ~oT7 

We see, also, that if three planes, X o T, T o Z, Z o X, are given, 
whose three lines of section „ . » z 

represent the axes o X, o T, 
o Z ; farther, a fourth face, 
A BCwbosesection of these 
axes is the measnre of the 
length of the axes, any face 
in their direction is perfectly 
determined when itsiodtces, 
j. e., the relation between the 
parameters of A B C and its 
own, are given. 

The valaes abc and the 
plane of the axes are constant for one and the same crystal. 

Respecting the indices A, ft, I, certain important cases are to he dis- 
tinguished : 

I. All three of the indices may be different ttom (o A, it:, I,) > o. This 
is the general case, and represents octahedral or pyramidal faces. 

U. One index, I, for instance, equals zero, l = o; the face ft, ft, o, is 
evidently parallel to the axis o Z, and we have — 




oC 



Becanse o = o is constant, this fraction can only be equal to o if o L 
is infinitely great; bat if the face H K o onts the axis o Z at an infinite 
distance, it is parallel to it. Thus, if ft = o, we have hoi, and if A = o, 
we have o Tel of the axis of Y, parallel faces with respect to X, These 
kinds of faces are called dodecohedral, prismatic, or dome-faces. 

III. Two indices = ft = I = 100; { = A=o = 010; A = ft = o 

001, the face 100 has first the index ft = o, and is for that reasoDi 

parallel to the above axis of Y, and also to the axis of Z, because I =o. 
This foce contains, therefore, both the axes of Y and Z. It is with them 
parallel to the axis-plane X o Z. We call snch faces pinacoids ; they 
are (hose by means of whose section-line the position of the axes is deter- 
mined. 

Digitized byClOOgle 
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If the planes of the axes Ate parallel faces, X o Y,Y oZ,Z oX,aB the 
faces ABO and H K L, which may be real or possible faces of a crys- 
tal, experience shows that the indices hklof every possible face of thitt 
crystal are to each other as rational nambers. 

This law, which is the first fnndameDtal law of crystallography, is 
called the law of rational indices; it is of the greatest Importance, and 
allows of the denvation of the greater part of the other laws of crystal- 
lography. 

If the indices hk I of any face of a crystal are rational, it is alwaj-s 
possible to represent them by three positive or negative whole nambers, 
because the direction of a plane remains anchanged when its three 
indices are maltiplied by the same namber. ■ 

Experience shows farther that the indices of the most frequently 

occnrring faces are almost always the simplest whole onmbers and 1, 

rarely 2, so that the caloalatioo with them will always be very simple. 

§ 2.— Law of Zones. 

The consideration of the zones occarring in a crystal is of the greatest 

importance for the determination of a combination. 

Two planes which are not parallel always cut each other, wheu doly 
extended, in a straight line; all planeo, therefore, whose lines of section 
are parallel to the same straight line, belong to a zone, and are called 
taotozonal faces; the straight line to 
which their lines of section are parallel 
is called the axis of the zone. (Fig. 5.) 
Becanse the axis of a zone is parallel 
to all the faces of that zone, a plane, P, 
perpendicolar to the axis of tbe zone, will 
also be perpendicular to all tbe faces of 
that zone ; and wheu a perpendicnlar to 
every zone-face is erected, all of these 
normals will be parallel to this face P. 
\ This important characteristic of tau- 
tozonal faces, that their normals all 
lie in a plane perpendicolar to the zone- 
axis, we shall make use of in the discussion of spherical projection. 
After the direction of the zone-axis is determined by the section of two 
planes which are not parallel, it mnst be possible, from tbe known de- 
ments of these planes, to calculate for the indices such, values as will be 
characteristic for the axes of the zone produced by these planes. Let 
P (Aibl) and Q {pqr) be tbe two planes, and let their indices be written 
twice, one over the other, and multiplied orosswiae, beginning with the 
eecond upper index k — 

k k I h k I 

XXX 



liffj 



kr — lq; Ip — hrf hq — kp 
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SabtractiDg now the prodocts obtained by multiplying the index right 
above with that left below, from that obtained by malttplying the index 
left above with that right below, we obtain three whole numbers (u v w), 
which are either poaitive or negative, are determined for the zone PQ, 
and are called zone-indices. In order to distingaisb these firom the in- 
dices of the'faces, they are Inclosed in rectangnlar brackets 

The zone-indices of a zone containing more than two faces can be cal- 
onlated from any two faces of the zone which are not parallel. The 
same valne is always obtained, abstractioo being made of a constant 
factor of all three indices, with which we can always multiply all of 
them witboat changing the direction of the face or line represented. 

If, now, a third foce, B(a;yz), is placed in the above zone FO, we have 
a Bimple criterion, whose expression is prodnced from the £aot that the 
zone-axis [P B] or [Q B] must have the same indices, even to a constant 
factor, as [PQJ. This criterion is the existence of the equation — 

ux + vy + wz^o 
If this eqoatiou is realized, all the three focea P Q B are in the same zone. 
If the symbols of two zones, [efg] and [udw], are given, the symbol 
of a face {xyz) lying in both zones may again be foond by crosswise 
maltiphcation — 

e f g e f g 
XXX 



ftB—gvfgu — ew; evjfu 
the zone-symbol &om the indices of t 



in the same way as the zone-symbol from the indices of two faces. 

At the close of this section the moat important special zone-laws and 
some examples of the development of zones will be given. 
§ 3. — Sfhesioal Pbojbotion. 

The method of spherical projection introduced by yaumann gives the 
simplest means of representing the opposite faces of a crystal. It has 
the advantage of showing, even f^g 
in extremely rongh executions 
of it, a representation of the 
zone-combinations of a crystal, 
and allows of the determina- 
tion of the indices of its faces, 
on the assumption of a primi- 
tive form, almost without any 




For this poipoee let ns imag- 
ine that firom a point o, in the 
interior of a crystal, (Pig. 6,) 
perpendionlar straight lines, 
o OjO off oh^oe,Qd,od,o e, 
be diaVu to all of ita faces. 
From the point o, as a center, let us constmct a sphere of any radina, and 
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produce tbe perpendicalars until tliey cat the sphere AA'BOCDE, 
&c., which are called the poles of the faces, which they meet. 

In this coDstrnctioD, in which, for the sake of diBtinctnesa, only the 
Iront side is drawn, we see immediately that the poles of taatozonal 
faces, A D B E A' for inatance, lie in a great circle of the sphere, becaose 
the normals of tantozonal faces lie in a plane, which most pass through 
0, fbjm which point all the normals are produced ; a plane passing 
through the middle point, however, cots the sphere in a great circle, 
which consequently contains the pole of the tantozonal faces. 

In order to draw a sphere containing the poles of the faces of a crystal, 
we may select several different methods of projection. Of these the 
stereographic method, introduced by Miller, is the most convenient. 
As plane of projection let as take, for this purpose, a plane pass- 
P^j ing through the center of the 

sphere c, (Fig. 7) which, accord- 
ing to the above, cnts the sphere 
in a great circle, ABC; let ns 
draw a diameter of the sphere, 
O C, perpeodicnlar to this, 
whose extremities, O and C, are 
90° from every point of the 
^ principal circle, so that the 
lower pole O shall be the point 
of sight ; let ns now join by a 
straight line every pole of the 

sphere ABCDEF with 

the point of sight O. The inter- 
sections ABcde/. . . . of these 
straight lines with the princi- 
pal circle give the stereographic projection of the pole A B G D. 
In general, the principal circle will be taken perpendicular to the laces 
of a Kone, so that the projection of these 
points of the faces will be the periphery 
of the circle. 
The most important peculiarities of snch 
. a projection are the following : 

1. Every circle will be projected on the 
J sphere, either as a circle or a diameter. 

2. Every great circle will be projected OD 
/ the sphere as an arc, which cnts the prin- 
cipal circle in the extremities of a diameter 
of the zone, or as a diameter itself In snch 
an arc, for that reason, also, the poles of the 

tantozonal faces lie, as, for instance, Ac/A'; BdcB'; Bc/B'; AdcA'. 

3. Let every point, P, which, on the sphere, is at 90^ from all points of 

this circle, be tlie pole of a zooeK^i^cle, H K, (Fig. 8,] which is also tiie 
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projection of a face perpendicnlar to the zone-facea. The propositioii 
obtaiDS that the normal angle of two foces^H and K, is equal to the arc 
hie, wbif^h is cut off from the principal circle by the straight lines PH 
and F K produced. 

From these three characteristics all the laws for the coustmction of 
stereographic projection are derived. 

It is immediately apparent that the normal angle of all faces projected 
by points on the principal circle are determined by the arcs contained 
between the poles; that all zones passing the center of the main circle 
will be. projected as diameters; /^j?. 
that, further, the pole of such a 
zone falls again in the principal 
circle, and will be on one of the 
extremities of the diameter per- 
pendicular to the zone. 

If the projection of a pole, P, 
(Fig. 9,) is given, and that of the 
opposite face parallel to it songht, 
it is at once clear that it mast lie 
ontaide of the principal circle. If 
a zone is determined by P and the center, o, of the main circle, the oppo- 
site pole P' mast be in the same zone, because every zone in which a 
face lies mast also contain the opposite face which is parallel to it. In 
the zone P O we have now only to look for the point at 180° from P in 
order to determine P'. For this purpose we must, according to the thinl 
characteristic of projection mentioned above, draw from one of the 
pointfi R or Q, which, sa before, represent the pole of the zone P O, the 
point B for iustance, a straight line, BF j», to its intersectioa with the 
principal circle ; find the point j/ 
of the principal circle, which is, ^ 
at the required angle, 180°, from 
p; and then draw a straight line, 
Ejj'P', whose section with the 
zone P O gives the pole opposite 
to P. 

If two poles, PQ, (Fig. 10,) be 
given, and the zone passing 
through them be sought, we look 
for the opposite pole of one of 
them, I" for instance, which iii 
any case must tie in the zone P Q. 

Through the three points P Q P' we draw, according to the known method, 
(erection of a perpendicular in the middle of a line joining any two 
points,} an arc, which represents the required zone. 

In order to find the pole of a given zone, G B, (Fig. 11,) we must con- 
uder that it mnst be W^ distant from every point of the zone-ciide. I^ 
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now, C,D are the points of section of the zone with the main circle, 

we draw the diameter C D atld a x>Brpendicular to it, E F, and it is dear 

that the pole sought for mu8t lie in the zone E F. Since, now, it most 

f ji be 90° distant from every point of the 

" zone, and therefore also from B, wliile 

the pole of the zone E F is one of the 

points C or D, we draw the straight line 

E r and C Pp, so that the arcrp = 90^, 

and thns find the pole p of the zone 

^CED. 

Thus, all the expedients are given which 
are necessary for the constractioo and 
use of the projection ; in general, the sim- 
plest of these are sufficient, especially 
while in this method of projection we do 
not aim at the greatest exactitude attainable, but only a presentable 
representation of the arrangement of the faces. 

As a close of t^is section we shall give some special modes of the 
laws of zones, and an example of a complete development of them. 
L Zone passing through two pinacoids — 

100 100 

010 010 

0.0— 0.1 ; 0.1 — 1.0; 1.1 — 0.0 








1 



[001] is the symbol of the third pinacoid. If a face, A Jfe Z, lies in this 
zone, 80 must — 

k.o + k.o + l. 1 = 
also, 1= I, the general symbol of a face lying in the zone 100.010=- 
[001] is Ait 0. 
2. Zone passing through a pinacoid and any face : 
hkl hil 
100 100 

k.o—l.o;Ll—h.o; k.o-k.L 
I I 

If a third face, xyz, lies in the zone [o f J], so must — 

x,o+i/, l~1c.z = o 
or— 

If. therefore, a zone passes through a pinacoid, the relation of those two 
indices, which, in the symbol ofthe pinacoid, are o, is constant for all the 
faces of this zone. 
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3. The caaes given under tbe second and third mles are Bpecial cases 
of a more geneml one; and, certaiuly, two given foces, {hkl) and (pqr), 
in which — 

I r 
can always be so represented that their symbols have the form (ewu) 
sud (J!uv}, because tlie three indices of a face may be multiplied by the 
same number irithout changing the symbol. 
For the zone we have — 
euv euv 

XUV XUD 



or, if we divide the three zone-indices by (x — e), [Ovu]; a face, [rst), 
lies in this zone, if — 

o.r + v.s — u. t = o 



Let any two facos of a zone be represented by the symbols {xuv) and 
(euv), or, generally, let them have two similarly-situated indices in both 
faces with like relations, all tbe faces of this zone will be represented in 
the form {puv). 

That the second law comes also nnder this head is clear, because the 
.relation _ is indeterminate, and therefore can answer to every valae. 

As an example of development by zones, we have chosen the crystal 
represented in Fig. 12. Because we assume that there are no meaaare- 

/yj2. '■^^ 




ments, but only the data of the zones, we shall presume, in the projec- 
tion, (Fig. 13,) that it is triclinic. In this projection we record tbe faces 
in tbe order in which they are to be determined. 
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Let the zooes to be determiDed be — 
bman; bdce; a/c; apd; bpfq; eapm; da/n; cqn; aqe 
The existence of tbese will be seen principally from the parallelism ol 
the respective edges. Where there is no real edge, as is the case in the 
angle a g, the hypothetical zone-axis can be found by turning the crystal 
round. All faces which, in turning round the same axis, reflect the 
light are tautozonal. 

lu order to determine the combination, it is first necessary to select a 
system of axes. Kegnrd v\\l be had to the real or apparent symmetry ot 
the crystal, in this way, that when a system less symmetrical in com- 
pleteness and inclination of the faces approaches one of higher nym- 
metry, this analogy is retained. 

We select three faces, abc, for the planes of the axes ; their lines of 
section give the crystaltographic axes. We project these in such a way 
that the zone ab k contained in the principal circle. 

The exactitude of the relation of the angles makes naturally no dif- 
ference, if it is only a qaestion of the eolation of the combination. The 
faces are introdaced into the projection in the order in which they are 
to be determined, first a bo. 

The faces ab e then are designated by the symbol belonging to the 
pinacoids, 1 0, 1 0, 1. 

In order to fix a ground-form, we have yet to determine the relations 
oftbeases; this, according to the relationofp, maybe (1 1 1); the axes- 
sections of the face p give also the value o A, o B, o 0, from which the 
parboieters of every other face will be determined. 

That the indices of p must be 1 1 1 follows from the equation (p. 9) in 
which the indices of a face are determined, as — 

oH' oK' oL 

Substituting the section o A, o B, o 0, in this equation, we have — 
h=k=l=l 

After the outline and the axes of the crystal are determined, the 
drawing of the faces can be developed. 

Determination of m. m lies in the zones bman andc pm. In or 

der that a face may lie in the first zone, it is a necessary and sufficient 
condition that it has the symbol hko, that is, is parallel to the axis c, 
as also follows from the derivation of the zone-equation. 

For the second zone we have the condition — 

^^ 

because, as we have seen, the equality of the same index-relations, in 
two faces of a zone, determines their eqnality for all the faces of that 
zone} thus — 

ft_.l__0 

S- I r- I 

DiqilizedbyClOOgle 



PRINCIPLEfl OP CEY8TALL0GRAPHT. 249 

Tbia results also item the zone-eqnatioQ — 
111 111 
001001 

1.1-0.1; 1.0-1.1; 1.0-0.1 
wbicb gives [11 0] as the zooe-eQaation, or — 

1 .x—1 .y + .z^OoTx = y 
as coDditloD of the tantozonality of a face, xyz, with 001 and 111; the 
symbol of m A A: becomes cbaoged ouder these circamstanoes into (1 1 0). 
In the sanie way the position of d, in tbe zones bd canii op d, is deter- 
mined. The first zone gives, as condition, the first index as equal to 0, it is 
tbns oh I; the second gives the equation of the second and third index — 
ft_l_0_, 
I 1 
aDd therefore the symbol (0 1 1). 

Finally, the face/ is determined in the same way by the zone o/c, as 
hoi, and by the zone b pf, as 1 1, because — 
ft 1 , 
1-1=0-^ 

Thus it is to be kept in view that the quotient- may have any rational 

value which is first fixed by the two faces. 

For the face n we have the zone 6 m a n, by which we get the symbol 
It A o and dfn; for the last we have — 
Oil Oil 
101 101 

1. 1-0. Ij 1.1-0.1; 0.0-1.1 
or [111]; also as condition — 

A.l + 1:.l— 0.1 = 0orA=-ft 
This condition ia satisfied by ll. and 1 1 0, of which the first is the 
symbol for the face in front, and the last for the opposite one behind. 

For the determination of q we have tbe zones cqn and d p/q; the 
first gives, when A Jb Hs the symbol of q — 

the last — 

* = |.=| = lor(4H) 

which, when contracted, is 1 T 1. 

Tbe face e lies in the zone b d ee, wherefore k = o; and inaqe, tor 
which reason — 

ft_-l_0 , 

e has tbos the symbol (0 1 1), 

There remains a in the zones n»j>8e and dsfn to be determined ; the 
first zone gives — 

A 1 1 
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or the general symbol kkl; and has [1 1 IJ for its zoue-index, so-^ 

h + h-l = or 2h = l 
which condition is satisfied by (1 1 2). 

Thus the collective forms of tbis combiuatioD are determJaed. 

There certainlj' may be cases presented vbere the existing zones do 
uot suffice to determine all the &ces of a cotnbioatioD ; these cases are, 
however, rare, aud occur in very few iustaoces. 

Instead of ttie above selection of a face, (111), determining the collect- 
ive relutions of the axes, two domes in two pinaeoid zones could very well 
be used, as 1 1 0, in which a : b, and 1 1, by which a : c, is determined. 

In the simpler and often recurring faces, as we have seen above, even 
the very simple calculation of the symbols from two zone-symbols, by 
crosswise multiplication, is superfluous, because at least the conditions 
for it, in a zone, can be at once expressed in the general symbol of the 
face, so that by substitution in the equation — 
kx + ky + lz = 
the indices hlcl are fully determined. 

SECTION II. 
symmetry of the systems of crystallization. 
§ 1.— Deeivation op the System from the Law of Eational Indices. 
The rationality of the indices is, for the possibility of a face of a 
crystal, as we have said above, not only a necessary but a sufficient 
couditiou. It is, therefore, a possibility of every face whose indices arc 
rational numbers. A collection of faces, therefore, which is to obey the 
law of rati(AiaI indices mtist also answer to all the consequences which 
in mathematics follow from this law. 

The carrying'Oat of this deduction, which can here only be announced, 
leads us to the different elements of symmetry, and especially to the 
consideration of planes of symmetry. 

A plane of symmetry has the peculiarity that its physical relations 
are equal on both sides of it. 
The identity of the physical peculiarities of two faces or lines is also 
figJSa. determined by the similarity of their position with 

] respect to the plane of symmetry, and this condition 
is really fulfilled by two planes when they are tan- 
togonal with the plane of symmetry, and are so sit- 
uated with regard to both sides that they form like 
anzles with them, (Fig. 13a, where the angle P : Q = aO 
and P' ; Q = ^ are equid to each other.) Two lines, 
A and o B, (Fig. 136,) satisfy the condition if they, 
with respect to the plane of symmetry P, contain a 
similar angle; and if a plane, R, at right angles to the 
plane of symmetry can be passed through, then arc A G = arc B. 

The derivation of the crystalline system is as follows : Let two possi- 
ble faces of a crystal be taken which are symmetrical with respect to a 
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plane ; it is to be tletermiDed if Byinmetry with regard to another plane 

docs not follow from it j given a zooe, which ia symmetrical with respect 

to one or more faces, i. e., that for every 

fece of the zone there is also a possible ^'^^ 

one which will be symmetrical with it, 

it is re(iaired if from tbi3,8;mmetry in 

other directions does not follow, i. e., 

if for every possible face of the given 

zone another face is not also possible, 

with wbicb, according t« presumption, 

the zone songht for is parallel. 

The criterion of the possibility of a face is, therefore, always the ra- 
tionality of its indices. Proceeding in this way, we recognize that only 
that reunion of faces is, crystallographically speaking, possible, which, 
by the uomber and position of tbeir planes of symmetry, belong to one 
of the seven characteristic crystalline systema By plane of symmetry 
of a crystal we auderstaud a plane in relation to which all the possible 
faces of a crystal are symmetrical, so that for every possible face of a 
crystal there is another which, so far as the plane of symmetry is cod- 






cerncil, is symmetrical with it. It is therefore apparent, that only the 
following combinations are possible: 

1. No plane of symmetry existing TRiCLraio btstem. 

2. One plane of symmetry, B, (Fig. 14) MONOOLINIO SYSTEM. 

3. Three different planesof symmetry at right angles to each other, 

A, B, C, (Fig. 15) BhOMBIO (OBTHOBHOMBIC) SYSTEM. 



Ftjfje 





4. Three taatozonal and similar planes of symmetry inclined to each at 
angles of 60° and 120°, A A' A", (Fig. 16), Bhombohedbai, system. 
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5. Five planes of symmetry, of which four are tautozoDal and iDcIined 

to each other 45° and 90°, every two 9(P apiirt aftnilar, A A', 
A' A", (Fig. 17.) The fifth, C, at right angles to all the others, and 
not similar Texeagonal ststeu. 

6. Seven planes of symmetry, six of which are tautozonal and inclined 

30oand60o, every three 60° apart, similar, A A' A", BB'B", (Fig. 
18.) The seventh, C, at right angles to all the others, not 
similar ■- Hexagk>nal systeji. 



Fis-a. 





7. Nine planes of symmetry, three of which, A A' A", (Fig. 19,) are at 
right angles t« each other, and Bimilar. The other six, similar to 
each other, B B' B" . . . . B', intercalated between every two tantoz- 
onat A, and at an angle of 45°. Tessebax. (isometbic) system. 

\ 2.— Chaeactebistics op the Systems. 

From the above statement of the relations of symmetry in each crystal- 
line system we shall next derive the single faces belonging to each form 
as well as the most practical method of selecting the axes of the crystal. 

For axes we may select any three edges or zone-axes which are formed 
by three possible faces of the crystal not tautozonal with each other. 

We shall, however, on account of the existence of planes of symmetry, 
so select the axes that, wherever it is possible, they are placed sym- 
metrically to the planes of symmetry, by which we shall at once see ttiat 
all the faces of a form will tabe the same numerical indices, but arranged 
in different orders. We understand by form the combination of all those 
faces which are symmetrical with each other, according to the planes of 
symmetry of the given crystal, and which, together, possess the same 
physical peculiarities. 

With regard to the selection of the axes, we only remark that it ap- 
pears necessary, on theoretical grounds, which were first developed by 
Frankenstein, so to select the axes that every acute axis-angle shall be 
greater than 60*^, and that every obtuse one shall be less than 120°, 
which ia always possible. 

1. Teiclinic system. — No plane of symmetry. The choice of the 
axes is arbitrary, as also the face 1 1 1, by whicU the plane of the axes 
is determined — 
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Five elementa are nndetermined, two relations and three angles of the 
axes. Becaase do plane of symmetry exists, a single face, kkl, (Fig. 20,) 
with the ooe parallel to it, constitDtes a form. It is only necessary to 
consider this analogy in the selection of the axes, where thera exists a 





similarity in the angle and ia the composition of the faces, with a more 
highly symmetrical system, as the monodlnic or ortliorhombic 

2. MoNOCLiino SYSTEM. — One plane of symmetry, B, (Fig. 21.) We 
first select this plane as one of the planes of the axes, especially for the 
plane X Z, so that it takes the symbol 010. For every face, hkl,a 
second one is now possible, which, with it, is placed symmetrically with 
regard to the plane of symmetry 010, and, therefore, as is easily seen, 
takes the symbol hJcl. These two &ces, with those opposite to them, 
constitute together the general form of the monoclinic system. A zone- 
axis is determined by every two such pairs of faces, which, as is easily 
perceived, mnst lie in the plane of symmetry, because 010 lies in the 
zone [{kkl) (% E I)]. If two such zone-axes are taken for the axis of X Z, 
it is at once clear that the angles of the axes will be — 

XT = C = 90O; TZ = f = 90O; {XZ = ri)^W> 
A fourth face gives the sections of the axes a%b^e, and we have in 
this system three unknown elements, two ratios, and one angle of the 
axes. 

3. Obthobhombio system.— Three planes of symmetry, ABC, (Fig. 
22,) at right angles to one another, which 
we select for the planes of the axes, with ^'> '^ 
the symbols 1 0, 1 0, « 1. The three 
axes will, for this reason, be at right an- 
gles to each other, and we have now, by 
means of a fourth plane, to determine 
their lengths, so that — 

a^b^e; f = i,= : = 90o 
In this system we have, therefore, two un- 
known elements, -, — ; the four faces, 

h1cl,^Jcl,\hl,h'kl, with their opposites, are dmilar, so that the goieral 
form is an eight-sided rhombic pyramid. 
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Witb regard to the selection of the three piDacoids, there may be a 
camber of asBamptions. Grailich and Laog take a > 6 > c ; Schraaf 
selects, in substances which can be optically examined, 001, i>en>endic- 
ular to the bisectrix, 100 and 010, so tbata> &; other authors foUon- 
no priaciple, but take the first method of exhibition. 
4, BBOUBOHEDBAii SYSTEM. — Tliree planes of symmetry, A A' A", 
^ jj 1^^ (Fig. 23,) which are tantozonal, similar, and 

inclined to each other at an angle of 60°. 
In this case it is not admissible to select 
f, the planes of symmetry for the planes of 
the axes, because they are tantozonal. In 
I order to observe the symmetry of the 
method of notation, we select for the planes 
of the axes three faces of the crystal which 
, are sym metrically situated with regard to 
the planes of symmetry, and so coostitate 
a form. The faces 100, 010, 001, mnst 
be perpendicnlar to every plane of symmetrj-, becanse only one snch 
form, composed of only three faces with their opposites, esi»tM ; every 
other one is composed of six or of two. For the determination of the 
planes of the axes we select a face, as 111, which is at right angles 
to the zone-axis of the planes of symmetry, and is conseqneutly simi- 
larly inclined to the three planes of the axes. Therefore — 

a = b = c; {f = , = C)>90o 
A single dimension, the angle of the axes, is nndetermined. 

The three planes of symmetry have the symbols 10r=A; 011 = A'; 
110 = A". The symbol of each, with the faces tantozonal to the plane 
of symmetry, which are prisms according to the general notation, thas 
deviating from nsage in the other crystalline systems, is liable to the 
condition h+ k + l^o, becanse the symbol of the zone of symmetry is 
[1 1 1]. The other forms are scalenohedrons, which is the general form 
of this system, with six faces, hicl, (Fig. 23,) and their opposites; rhom- 
ti^.t* •» bobedrons, whose fbcesare perpendicu- 

lar to every plane of symmetry; the 
base III. 

It is plain that the axis-angle ; is equal 

to plane-angle of the faces at the vertex 

• of the primitive rbombohedron, (100). 

S. TeTBAOONAL ST8TEM.— Four tOU- 

tozonal planes of symmetry inclined at 
an angle of 45° to each other; every al- 
ternate two, A A', B B', (Fig. 21,) simi- 
lar; a fifth one, C, perpendicnlar to these, but not similar. For planes 
of the axes we select two similar planes of symmetry, which are perpen- 
dicnlar to each other, BAA', and the single plane of symmetry, 0, at 
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right angles to it, and finally 001 as plane of XT. For the determina* 
tion of the leDgtbs of the axes we select a face, 111, perpendicular to 
one of the iotermediatfi planes of ^mmetry. We thus have the ele- 
ments — 

f = i) = C = 900; {a = b)%c 

Thus we have only one nnknown qoautity, -. The intermediate planeR 

of symmetry have the symbols 110, 110. The most general form is a 
pyramid of sixteen faces. The similar faces of kkl may be seen in 
Pig. 24. 

6. Hexaoonal 8TSTEM. — Seven plaoea of symmetry, six of which 
are tantozoQal and inclined at aD /V---''. ,„ 

angle of 30°; every other one, 
A A' A", BB'B", (Fig. 25,) simi- 
lar; and the seventh, which is at 
right angles to them, not similar. 
We might here have selected for 
tbeplaoesof theaxestbreeplaDes J. 
of symmetry, as 0, and two others 
firom the zone, symmetrical to the 
planes of tbe axes, but the sym- 
meti7 of the notatioD wonld tbns 
be lost. We select, therefore, as 
in tbe rhombohedric system, three 
alternate faces, of a fono perpea- 
dicnlar to tbe six planes of aym- "> 

metry, for the planes of tbe axes 100, 010, 001. We determine the 
leogtb of tbe axes, as in the rhombohedric system, by the face 111, 
which is perpendicolar to the axis of the zone of symmetry, by means 
of which we get, as before^ 

= 6 = 0} (f = ^=:C)>90O 

Because in particular values of their elements there is no difference 
between this and the rhombohedric system, they are often united, which 
ia contrary, however, to physical laws. 

In this system it ia no longer possible to represent tbe united faces of 
a form with the same indices with regard to tbe symbols of tbe planes 
of symmetry, as 10 I, Oli, 1 10, It is for the primary 1 12, 121, 211; 
for the secondary planes, B B' B", whose sign follows from the zones, 
we have, for the faces efg, belonging to those lying opposite to A ft I, tbe 
determiDative equations — 

e= — A + 2fc + 2I 

/= 2ft- k + Zt 

g= 2 h + 2k— I 

1!be most general fwm of this system is a twenty-four-&ced pyramid, 

the half of wfaoae £aoes, as is seen on Fig. 25, aie represented by tbe 
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symbols A ft I, and the other half by efg. The forms of this system aie 
generally pyramids of twenty-foar faces, two orders of twelve-faced pyra- 
mids, whose faces are perpendicular to the principal section, prisms of 
twelve faces, two orders of six-faced prisms, and the base. 
7. Tessebai. (ibohbtbio) bysteh. — ITine planes of symmetry, three 
of which, A A' A", (Fig. 26,) 
are similar and at right an- 
gles to each other; the others 
taatozoual in purs, with an 
A intercalated between each 
two, B . . . . B% at an angle 
of 46° to them. We select 
the tliree which are perpeo- 
ditnlar to each other for the 
plane of the axes, and deter- 
mine the length of the axes 
by the face 111, which lies 
in an intermediate zone; we 
thus have — 

Tbe five elements are det«rmined. 

The most general form, Aft I, consists of forty-eight faces, whose dis- 
tribntion is shown in Fig. 26. 

Ill the previous development only the most general form, ft ft I, has 
been considered ; it is, however, very easy by specializing the symbols, 
ns by an equation of two indices, for instance, or by conditions which can be 
conceived in the projection, to represent all the forms of a system by 
the number and signs of the faces. 

We wish, for example, tbe symbol of the faces of the six-sided, the 
twelve-faced pyramid of the hexagonal system. Their symbols resnlt 
from the relation of the zones. On the other band, a simple inspection 
of tbe planes of symmetry of this system shows that a face occurring 
in the zone [ (1 11) (2 1 1) ] has on the upper side five similar faces. Tboa 
it results that the symbol of the opposite rhombohedron, similar to the 
primitive rhombohedron, is (122), according to the formula, (p. 22.) 
Partial forms have not been included in the above representation, any 
more than tbe researches on tbe symmetry of lines and planes, which 
will be given in another place. 

SECTIOIf lU. 



M. 



optical selations of cbystalb. 
-Double Befbaotion akd Absobptioh. 



It is known tbat in media of equal density throughout, also in tmciyB- 
tallized media, a ray of light moves in every direction with the preserva- 
tiQQ of its condition of vibration ; that, farther, its velodty of propagatioa 
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is only dependent od the color of the beam of light, and on a factor 
which is constant for the entire medium, and not from the direction in 
which it moves. 

If, therefore, a beam of light-, aoder any condition of vibration, enters 
snch au isotrope medium, it can very easily, taking into consideration 
its angle of incidence, change the direetion, and, tailing into considera- 
tion its color and molecular constants, the Telocity of its propagation ; 
the condition of vibration, however, remains constant. The condition of 
vibration of the beam of light is said to be completely polarized, partially 
polarized, or unpolarized, according as the whole of the light or only 
part of it vibrates in a constant path, or this conrae takes in an infinitely 
short space every possible traDsversal position. In the first case, where 
the whole light has a constant path of vibration, we say again that the 
light is polarized in a straight line, circularly, or elUptically, according 
as the path of oscillation is a straight line, perpendicular to the direc- 
tion of propagation, a circle, or an ellipse. The movement of the light 
in an isotrope medinm is, therefore, dependent on that of the incident 
light, the angle of incidence, and a molecular constant. 

In a crystallized medium, in which the density can be supposed vari- 
able with the direction, only two beams of light of a determined velocity 
of propagation for each color, and determined direction of vibnition, 
can, in general, be propagated in any determined direction ; on the con- 
trary, a beam of light entering a crystiiUioe medium will not only be 
deviated from its direction, bat separated into two divergent beams, 
each one of which, according to its direction in the crystal, will have 
variable velocities of propagation and direction of vibration. 

Just as the intensity of the light is weakened by its passage through 
an isotrope medium, and has different strengths for different colors, so 
is it the case with crystalline media, only here the unequal absorption for 
different colors depends on the direction in the crystal ; the same is here 
true as of the manner of vibration and the velocity of propagation. 
The same direction in a crystal corresponds thus to two determined 
beams with determined velocities of propagation, direction of vibration, 
and absorption ; and a ray of light entering a crystal is divided into two 
beams of determined but different directions of propagation, velocities, 
directions of vibration, and absorption. 

5 2.— The Ellipsoid of Polaeization. 

The law according to which the whole movement of light in a crystal 
IB determined can, ao far as is necessary for our present purpose, he 
enunciated as follows : 

In every crystal an ellipsoid with three axes can be constructed in 
Bach a way that the velocity of propagation and the direction of vibra- 
tion of the two rays of light, which can move in a fixed direction in a 
crystal, may be determined by the major and minor axes of the ellipse, 
vhich are formed when, from the center of the ellipsoid, a plane is passed 
17 a 
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perpendicular to the given direction of propngattOQ of both of the beams, 
and this prolonged to its section with the ellipse. 
Let A, o B, 0, (Fig. 27,) be the priucipal axes of the ellip- 
jia^^X A _ soid, at right angles to each 

-"■ ^ ' '"• - other; 8 o, the direction, 

passing tbrongh the center, 
in which the two beams of 
light should more. Let ns 
pass through O a plane per- 
-^c pendicular to o S, wbich cnts 
the ellipsoid in the points 
M N M', which points be- 
long to an ellipse whose ma- 
jor and minor half-axes are 
X and o Y ; of these two 
beams, propagated in the di- 
rection S o, the one has the direction of vibration o X and the velocity 
of propagation -, and the other O Y and ^j. 

The sitoation and the length of the principal axis of this ellipsoid are, 
in general, different for every color. The absorption of the light in any 
direction can also be determined from the principal axis. With the co- 
etBcient of absorption of the principal axis we can again construct an 
ellipsoid whose axes correspond to those of the ellipsoid of polarization. 
Tbe co-efficient of absorption for the two rays of light corresponding to 
a direction will be detennioed sometimes by the ellipse-section and 
sometimes by the absorption-ellipsoid ; the major and minor axes of this 
ellipse, it is true, do not coincide exactly, but they do approximatively 
with those of tbe direction of vibration. 
In the most general case, which we shall first discuss, the three axes 




Bg.sa. 




tii the ellipsoid are of uneqnal 
lengths; they will be called 
axes of polarization or of elas- 
ticity; by the last is also spe- 
cially understood their recip- 
rocal lengths, as— 



; ft = - 



oA' oB' oO 

in which a > 6 > c is chosen; 
hence the distances o A, o B, 
o 0, are themselves propor- 
tional to the principal quotient 
A' of retraction. 

A piano of the axes containing two axes of elasticity is called the 
principal section, and is perpendicular to the third axis. 
A plane parallel to one axis, as o C, (Fig. 28,) cnts the ellipsoid in ao 
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ellipse, C P C, one asis of wbicb coincides witb the kDown axis of elns- 
ticity, and the other axis, o P, is perpeadicular to it in the principal 
section A B o. 

A plane M N o, (Fig. 27,) inclined to all three of the axes of elastioity, 
cats the ellipsoid in an ellipse, whose axes are not parallel to any of the 
axes of elasticity. In general, a > 6 > c is true in tlie principal section 
A o C, (Fig, 29,) whenever 
there is a radios, O fr, whose ^3-^ 
length is eqnal to the mid- 
dle axis of elasticity, O B. 
If a plane, B o 6, is passed 
tbroQgh this last and this 
radius, their section of the 
ellipsoid is a circle; the 
normal o a to this circle- 
face lies in the principal 
section of the largest and 
smallest axes of elasticity, 
o A C, and is called an op- 
tical axis. This ellipsoid, 
which has three axes, fans two optical axes, o a and o a', (Fig. 29,) which 
are in the planes of the greatest and smallest axes of elasticity, and are 
situated symmetrically with regard to both. 

The optical axes form with each other two supplementary angles, an 
acnte, 2 Y a, and an obtnse, 2 Y o, so that 2 Y a = ISO^ — 2 Y o, which 
are equally divided by the axes A and C ; that axis which divides the 
acate-augle axis is called the first middle line, {bisectrixj and the one 
vhich divides the obtuse-angle axis is called the second middle line, so 
that two cases are again possible : 

First middle line ^ second middle line c : negative crystal. 




The first casd is assumed in Fig. 20. Fig. 30 shows a sketch of the last. 

According as the nature of double refrac- /fasa. 
tioD consists in a difference of the velocity " 

of propagation and of the direction of vi- 
bration of the two beams of light capable 
of being propagated la the same dii-ection, 
it is at ouceclear that the double refraction 
mnstdisappearalongtheopticalaxes. The 
plane normal to a beam of light, that is, the 
one which propagates itself iu the direction 
qf an optical axis, cats the ellipsoid in a 
cirolej the velocities of propagation of the 
beams of light given by two radii are eqnal 
to each other j the directions of vibration are andetenuiued, t. e,, remain 
aDcbaDged,a8 they were beforetheirentrance into thecrystalliue medium. 
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If a crystal has a plaoe of Bymmetry, it mnst coincide witb a princi* 
pal aectioo of the ellipBoid fot every color, becanae an ellipsoid with 
three axes is symmetrical only in its principal sections ; this coincidence 
most not, however, occnr in the same principal section for every color; 
thus, for red light, b e, and for bine light, a e, may fall in the plane of sym- 
metry. If two axes of elasticity of tbe same ellipsoid are eqnal, their 
principal section will be a circle, and the two axes become reduced toone ; 
if, for instance, the third axis of elasticity is perpendicular to this principal 
section, the ellipsoid is an ellipsoid of rotation. The sections of such 
ail ellipsoid, with a plane, are either perpmdicular to the optical axis, 
section a circle, no double reft'action, direction of vibration undeter- 
mined; or parallel to the optical axis, section an ellipse, one axis of which 
is the optical axis, the otLer has a constant valne, which is that of the 
axis of elasticity originating iu the circle; or inclined to the optical axis, 
section an ellipse, whose axes are inclined to the optical axes. Ellipsoids 
with a single axis are of two kinds, lengthened or flattened, according as — 

6 = c ; ^ the optical axis ; negative crystal, (Fig. 31.) 

; positive crystal, (Fig. 32.) 
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If all three of the axes of elasticity of the ellipsoid are equal to each 
other, it becomes a sphere ; every section by a plane will be a circle ; all 
the axes of snch a circle will be equal to each other. Such a crystal is 
monorefringent, and bas no determined direction of vibration, that is to 
say, the directiou of vibmtion of the beam of light entering the crystal 
remains the same. 

As has been already mentioned above, the relations of absorption in 
the whole crystal can be determined if tbey are given for the three axes 
of elasticity. If we construct an ellipsoid from the three principal ab- 
sorption-constants (for a determined color) as axes, we find, exactly as 
in the ellipsoid of polarization, the amount of absorption for a given 
direction in the crystal by passing a normal plane and determining the 
axes of the ellipse-section so produced. 
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§ 3.— Opticai, Relations op Plane Plates whose Sides are 
Parallel. 

We sball first coDsider the relations of plane plates of crystals vhose 
sides are parallel, in straight-lined parallel ligbt and perpendioalar inci- 
dence. Let the entering beam of parallel straight-lined light polar- 
ized by aoy means, snch as a nichol prism, heropatbite, or a plate of 
toarmaline, fall perpendicnlarly upon a plane ptate of the crystal whose 
sides are parallel. In coDseqaence of its perpeodicalar incidence, for 
we can treat parallel ligbt always so, the beam of ligbt enters the 
crystal without devtatioo ; in this defined direction only two beams, 
whose direction of vibration is determined according to § 2 of this sec- 
tion, can transmit themselves in the crystal, because we bring the plane 
of the plates, which is perpendicular to the path of the beam of light, 
into the section of the ellipsoid of polarizatiou. 

The entering beam of light must now be divided, according to these 
two lines at right angles to each other, into two component parts, which 
then follow the same path entirely through the crystal; passing out of 
it, however, they fall upon a second polarizing arrangement, the 
analyzer, which, as the polarizer, allows the vibrating light to pass only 
in a given direction. Here the two beams of light are divided in such 
a way that only that com|H)uent which falls in the plane of vibration of 
the analyzer comes out of it ; finally, both these components, polarized 
in straight lines, have similar directions of vibration, and the same path, 
and for this reason unite in a straight polarized beam of light, with the 
same direction of vibration as component and analyzer. 

We suppose that both the polarizer and the analyzer are so placed 
that their directions of vibration are parallel to « jo 

each other, which position is once for all deter- ' 

mined. Let us now turn the crystal-plate in its p 
own plane until its directions of vibration come 
together, the one, of, (Fig. 33,) with o P of the po- 
larizer, the other, oij, with o A of the analyzer, 
and we have the following result : 

Straight-lined polarized ligbt comes from the 

polarizer in the direction of vibrating ligbt, o P. \ * 

By its entrance into the crystal it will be divided ° 1 

in the direction of and oi;, which is its direction of vibration; thus no 
component escapes, especially in the direction o-n, but the beam passes 
through the plate in the direction o f , and passes out of it with the di- 
rection of vibration o f , falls upon the analyzer, is here divided into two 
components, of which only the parallel one, o A, is allowed to pass 
parallel too A ; however, o f gives out no component, which means that 
in this case no light whatever comes through the analyzer. 

We see also that any crystal-plate with parallel planes appears dark 
when placed between polarizers which are at right angles to each other, 
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as Boon as its direction of vibradoo ooiocides with that of the analyzer 
and polarizer. 

Id Older to observe the absorption, we bare only, when the plate is in 
the posiCioD of darkness, to take away the analyzer or the polarizer. In 
this case only the color corresponding to the one direction of vibratioD 
of the plate appears. This occarrence thus shows itself entirely aoalo- 
goQB to the previous one. 

It is at once clear that a plate perpendicnlar to an optical axis ap- 
pears dark in every position of the crossed polarizers. Bespecting the 
relations of a plate with pandlel sides between polarizers in a cone of 
monochromatic light, we only remark that optical axes are shown by a 
system of very nearly concentric rings, tbroagb whose center a dark, 
straight or hyperbolic beam, or a dark cross, appears. The appearance 
of these in white light will be described for some of the systems. 

§ 4.— Optical Eelatiohs in each Cbtstallinb STSTiat. 

As has already been mentioned above, the position of the principal 
optical section and tbe valne of the axes of elasticity are different for 
different colors. A coincidence takes place only in the case of the exist- 
ence of one or more planes of symmetry, becaase snch a one most 
always be a principal optical section. 

1. Tbiolinio system. — So plane of symmetry. The position of the 
ellipsoid of polarization for the different colors cannot be determined a 
priori; tbe axes of elasticity are inclined to the axes of tbe crystal ; all 
tbe principal optical sections are dispersed, that is, have a difierent po- 
sition for every color. In general, the dispersion of the principal sectiod, 
both here and in the following crystalline systems, is small, and seldom 
goes beyond one or two degrees. The ap[>earanceB of color in plane 
plates with parallel sides, which allow the optical axes to be distin- 
guished, are in monochromatic light as follows: A plate perx^ndicalar 
to tbe bisectrix shows, when the polarizers are crossed, a black cross, 
(Fig. 34,) upon one arm of which the elliptical rings of the optical axes 




appear snrrounded by lemniscates if the principal axes of the plate co- 
incide with those of the polarizer; when hyperbola (Fig. 3S) pass 
through the rings of the axes, the principal sections of the plate are 
indined 45° to the polarizer; in white light the rings of some colors 
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appear soperpoaed ; on accoant of tbe diapersion of the principal eection, 
both of the two images of the axee, and alao the arrangemeut of the 
colors in both of them, will be ansymmetrical with regard to the princi- 
pal section, which is marked by a somewhat faint and black beam. The 
detail of this image of the axes is most simply described by saying that 
a nnioo of the cases of dispersion, met with in variable intensity in the 
following system of crystallization, is to be here observed. 

2. MoNOCLmic BTSTEU. — Oue plane of symmetry. A pnocipal opti- 
cal section of every color must coincide with the plane of symmetry, so 
ao axis of elasticity of every color must coincide with tbe axes of the 
crysttd o Y, petpeodicnlar to tbe plane of symmetry. Tbe two other 
principal sections, as also the two axes of elasticity lying in the plane 
of symmetry, are dispersive for the different colors. There are here 
three possible cases : 

First. Tbe principal section a c, containing tbe optical axes of a color, 
coincides with tbe plane of symmetry, inclined dispersion^ {dispersion 
inclinie of Descloiseanx.) Tbe general case is, that the analogous principal 
sections have for all colors very ncariy the same position ; in this case 
the optical axes, for all the colors, lie in the plane of symmetry; the 
image of a plate perpendicular to a bisectrix, (convergent light,) ou 
accoant of tbe correspondence of the direction of vibration of the plate 
uid tbe polarizer, is symmetrical with respect to the black beam joining 
the image of tbe axes, (Fig. 36.) 

Secondly. The priuclpal section of the axes Is perpendicular to the 
plane of symmetry; the bisectrix j^je. 
lies in tbe plane of symmetry, hori- 
zontal dispersion, {di^rsion liorizon- 
tale of Descloiseanx.) In this case 
cb for positive crystals, and ab for 
negative crystals, coincide with tbe 
plane of symmetry. 

If the general case of the approximate coincidence of similar princi- 
pal sections for different colors is selected, we see that here tbe planes 
of the optical axes are dispersive. Tbe image of the axis appears sym- 
metrical with respect to a beam perpendicular to the line of tbe optical 
axes, (Fig. 37.) 

Thirdly. The section of the axes ao and the bisectrix are perpendic- 
ular to the plane of symmetry ; the prin. I^JT. 
cipal section ab for positive, and cb for 
negative crystals, coincide, therefore, 
with the plane of symmetry ; crossiciae , 
dispersion, [dispersion croisie of Descloi- 
seanx.) The planes of tbe axes are dis- 
persive. 

Under the same supposition as before, 
the image of the axes will not be symmetrical with regard to any line; 
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the planes of the axes appear roDiid the normal to the plate, (second 
crrstellographic axes, o T, hisectiog,) dispersed in the shape of a fan, 
(Fig. 38.) 
3. Obthobhombic system. — Three aneqnal planes of symmetry at 
rightaoglestoeachother. Everyplane 
ofsymmetrymaBtcoincide with a prin- 
cipal section ; here the position of the 
principal optical section is completely 
g determioed, and only the value and po- 
sition of the axes of elasticity are uude- 
termined. In most cases the similar 
principal aectionsof all colors coincide, 
as also do the axes of elasticity a, b, c. 
The image of the ases, according to the former suppositions, is sym- 
metrical with regard to the two black beams ; it appears also in whit« 
light, similar to Fig. 34, but in this case the black ellipses are replaced 
with color. The principal optical section is not dispersive ,- the optical 
axes, however, are ; that is, the angle of the axes is different for different 
colors, as in both the previous systems. 

i. UnoxBpHBDBio SYSTEM. — Three tautogonat and similar planes of 
symmetry, inclioed at an angle of €0°, Every one of these must be a 
principal section of the ellipsoid ; this is only possible if all these zones 
belongiug to the section of the ellipsoid are equal to each other ; that is, 
it is an ellipsoid of rotation ; the principal section perpendicular to the 
plane of symmetry is a circle } the axis of the zone of symmetry is the 
optical axis of all the colors. Here, as we have already mentioned, two 
cases are possible, t>ositive or negative crystals, according as b = e or 
a = b. 

If we again make the supposition that the similar axes of elasticity 
coincide for all colors, we get, as the image of a plate cnt perpendicular 
to the optical axis between two crossed polarizers, a black cross with 
concentric colored rings, (Fig. 39.) ' 

5. Tetbaoonal system. — Five planes of symmetry, four of which 
HgjS. ^te inclined 45° to each other, every alternate one 

being similar, the fifth perpendicular to the four 
others. 
A principal optical section is parallel to this 
p last, as the hypothetical plane of symmetry 001. 
All its perpendicular ellipsoid sections must be 
equal to each other, because in this zoue four 
planes of symmetry exist, all of which must be 
principal sections of the ellipsoid. The tetragonal system, therefore, is 
optically exactly like the rfaombohedral. 

6. Hbxaqonal system. — Seven plaues of symmetry, six tautogonal 
inclined 30^, every alternate three similar, one perpendicular to them. 
This last, taken as a principal section, makes, as in the two previous 
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systems, all eectioDB perpendicular to it similar, on acconnt of the sym- 
metry according to the six tautozonal planes of symmetry; od this 
acGonnt, therefore, having the same optica) relations. The base 1 1 1 is 
perpendicalar to the optical axis. 

7. Tessbbal (isometbio) STSTEiu. — Nine planes of symmetry, three 
perpendicular to each other and similar, the other six intercalated tan- 
tozonally at i5° between each two of the first. 

If we take the first three planes of symmetry parallel to the three 
principal sections, it results immediately, from the existence of the other 
planes of symmetry, that the ellipsoid of jwlarization mast be a sphere 
whose radios is different for different colors. A sphere has only circu- 
lar sections ; tberetbre, simple refraction is produced in all directions. 

We have above considered only the cases where the similar principal 
sections of all colors very nearly coincided ; the exceptions to this law 
are really very rare, and present no difflcultiea. Observation by means 
of monochromatic glasses or sources of light always allows a very quick 
orientation. 

We have also in the above description left out crystals with one axis, 
which polarize circularly, because they, in spite of the greatest theoret- 
ical differences, can practically be regarded exactly as the other mono- 
axial crystals, with the exception of the image of the axis, which inside 
of the riugs shows that the black cross is replaced by a uniform color, 
which is dependent on the thickness of the plate. 

It is now no longer necessary to describe the special behavior of sec- 
tions of different crystals with respect to the orientation of their direc- 
tion of vibration. The orientation of the ellipsoid, with regard to the 
axes of the crystal and their respective planes of symmetry, is given 
above ; if, therefore, the crystallographic orientation of a plate is known, 
the kind of section io the ellipsoid and the directions of vibration can 
be at once determined. Inversely, the experimentally easily-determined 
position of the direction of vibration of a section of known crystal- 
lographic orientation gives a starting-poiut for the determination of 
the system. 

Reviewing the method of development of the foregoing sketch, we 
see, as the starting-point, the law of experience, that by the selection 
of a certain method of representation, the symbols of all faces and zones 
consist of whole numbers, whose relations with one another are therefore 
rational numbers. 

From the rationality of these numbers follows, in a way which we 
could only briefly dwell upon, that only such groupings of faces are 
possible which belong to one of the seven different kinds of symmetry, 
the seven systems of crystallization. From the general law of the 
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movement of light in crystals resnlted the ellipsoid of polarization for 
the Aenvation of all special rnles. The relations of symmetty of the 
separate systems of crystallization allow ns to discover in a very simple 
manner the nature of the ellipsoid of polarization, and with it tbo optica 
characters of every system, with which we have completed the object 
of this memoir. 
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By Db. WfEiKOP, 
t 1\o Jluuian /mpcruil GNj^rapAtoal Societ). 



The first meteorological observations in Bassia were madeaboct tbe 
middle of the eighteenth centnry. The points of observation were few, 
scattered irregnlarly over the country, with very different methods and 
instniments. About the end of the last centary attention was directed 
to that distant bnt highly interesting land, Siberia. The natnral his- 
tory of the country having been studied by Lepeohin, Pallas, Gmelin, and 
others, the necessity of investigating its climate was also felt. Some 
efforts were made in this direction ; thermometers were diatribated, bat 
the resnlt was not enconn^ng, and we know next to nothing relative to 
these first Siberian observations. Even at the beginning of tbe nine- 
teenth centary the necessity of the study of meteorology was not gener- 
ally recognized in Bnasia, and only as late as about 1820 were the nam- 
ber of points of observation increased. Between the years 1S20 and 
1835 meteorological observations were made in about thirty places, gen- 
erally by private individuals, without any unity of plan, and often with 
imperfect Instruments. Probably even many of the joamals kept at 
that time were lost to science, for every observer worked by himself, 
and had generally no commnnication with each other aud the leading 
savans of the time. 

The great impulse given to the study of magnetism in 1828 had an 
indnence on meteorology. Inthat year the"magnetische verein" was 
fonnded in Qermany, and its president, Baron Humboldt, made great 
efforts to induce tbe Bnssian government to establish magnetical obser- 
vatioDB in its dominions. The Academy of Sciences warmly seconded 
this effort, and in conseqaence magnetical observatories were estab- 
lished at St Petersbarg, Ka8an,Nicolajef, Sitka, and Pekin, and some- 
time afterward at Catherineoburg, (Ural,) Barnaul, (West Siberia,) and 
the mines of iNertscbinsk, (East Sitieria.) 

In 1833 Knpfer presented a plan of reorganization of tbe mag- 
netical observatories, so as to include meteorology. He was supported 
by the minister of finance and the chief of the engineers of mines, 
K. W. Tchefkine. This plan was approved by the Emperor Nicholas, 
and, like the system of magnetical observations, was placed under super- 
visioa of the department of mines, with its center at St. Petersburg. 
Magnetical and hourly observations were to be made at the following 
places: St. Petersburg, Barnaul, Gatherinenburg, and Hfertschinsk, and, 
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iD addition, meteorological observations at BogoslovUk and Zlatonste, 
(Ural) and Lngan, (Sonthern Bnssia.) The observations were to be pnb- 
lisbed at tbe expense of tbe departtnent of mines : and Enpfer was ap- 
iminted director of tbe system. All this was accomplished between IS35 
and 1841. The observatories, bowcrer, of Nlcolajef, Sitka, and Pefciii 
were not nnder Eupfer's direction, nor was that of Tiflis, fonuded in 
1844. A yearly publication,uuderthetitleof" Annoairemagnetiqaeet 
meteorologiqne," was devoted to the meteorological ottservations of tbe 
stations of the department of mioes, as also to those of Sitka, Pckin, 
and Tiflis. 

In 1849 tbe Kassian central physical observatory was fonnded. 'So 
change was made in tbe position of the principal points, but tbe obser- 
vatory entered in commnnication with private observers, famished them 
with good compared instruments, and publisbed the daily means of 
tbeir observations, as also those of the government stations, in a quar- 
terly voUime named "Correspondence meteorologique." Tbe publicatioo 
of tbe boorly observations of tbe principal stations continued under the 
title of " Annales de I'observatoire pbysiqne central." Thus for tbe first 
time a general system of meteorological observations was founded in 
Russia. New observers volunteered to assist in the work, and public 
institntions took part in this movement. The department of public 
lands famished good instruments to ita schools of agricnltnre, and some 
of their observations are very valuable. Mr. Wesselovsky stimalat«d 
tbeir zeal and began at tbe same time to collect the meteorological 
journals of private observers, for a general work on tbe climate of Russia. 
Many journals were tbus saved from oblivion, and tbe results of many 
private exertions were placed in the reach of the scientific world. 

His " Climat« of Russia" appeared in 1857, and, being still the most 
extensive and complete work on this subject, I may be allowed to give 
an account of its contents: 

The author having the intention of publishing a strictly climatological 
work, with a view to apply his researches to statistics, and e3[>ecially to 
the influence of climate on man, unfortuuately excluded alt that relates 
to tbe pressure of tbe air. Extensive tables are, however, given of tbe 
meau temperature for one bnndred.and forty-seven stations, in which 
namber twenty-six are for Siberia and Russian America, with a clear ex- 
position of the principal features of tbe distribution of the temi>eniture, 
and an appendix on the beating power of tbe 'sun's rays and the tem- 
perature of the soil. A table is also given of the freezing and opening 
of one hundred and forty rivers and lakes. In this respect tbe compiler, 
Mr. Wesselovsky, was favored by the particular position of the rivers of 
Russia, and tbe attention always paid to this subject. Yet the collection 
of mncb of tbe datawas due to his strenaous exertions. We are present- 
ed with an unbroken record of the time of freezing and opening of the 
Neva, at St. Petersburg, reaching back to 1706, that is, for one hun- 
dred and sixty-seven years, and records of fh>m eighty to one hundred 
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years for about ten otber places. The most important part of tbe work 
relates to the wlDds. Wei>aelovaky was tbe first to prove tbat in Boutb- 
ern Russia the wiuds are easterly in autumn and winter, while in the 
center and northern part of the country they are fitim the southwest at 
this time of year, tbe same as in England and Germany. These relations 
of the wind to tbe seasons were exposed with the greatest clearness, 
and the new data since collected have only conflnned Wesselovsky's 
TJewa; as I shall afterwnrds show, surprising as it may appear, tbe 
anemology of Bussia and Siberia is even now misunderstood, especially 
by foreign meterologists. A chapter ou vapor, clouds, rain, and bail 
follows. Tbe observations were very few, while these phenomena, 
being local, can only be well studied when we have a great number 
of observations. Tbe last chapter of tbe work is also of great import- 
ance ; it treats of tbe changes of climate, and presents conclusive evi- 
deuce tbat appreciable changes have not taken place in historical times. 
By consulting the classical authors, Wesselovsky shows that the general 
(jpinion that tbe climate of Southern Russia has become milder has no 
foundation. If Ovid, banished to the countries of the lower Danube, is 
astonished at l.he rigor of the climate, this is quite natural for a south- 
erner. The Danube froze at tbat time as it £reezes now, at least in its 
lower parts. Tbe facts related by Herodotus relative to Scythia are still 
more important At that time, as now, rains and thnnderstorma were 
frequent in summer, and this was new to a Greek, accustomed as be was 
to a rainless summer in his own country, while the raius of winter were 
less abundant in Scythia than on tbe shores of the Mediterranean. 

Herodotus also tells us that Southern Russia was a steppe, [') at his 
time, as it is now, and probably has been during the whole of the pres> 
ent geological period. 

The fi-eezing and opening of rivers affords tbe anthor another proof 
that the climate has not changed in this respect since the beginning of 
tbe eighteenth century; at least tbat the time when the temperature 
is below tbe freezing-point is now the same as before. There is certainly 
a great variation in this respect in single years, and even in periods of 
from ten to twenty years. But nothing indicates a permanent change 
of climate. Cold years are followed by warm ones, and vice versa. If 
we take periods of thirty yeais at St. Petersburg, we have as follows : 



Tears. 


FreeziDR. 


OpeDing. 


Days froien. 




November. 

ao.7 

29.7 
22.0 
26.9 " 


20.6 

23.2 

^ 19.5 








1704-1813 


1153.2 







(') Jreelee' region, praiie. 
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If we take periods of Bixty years the differeoce is still leas. 



Team. 


rr^i... 


Days froMo. 




27.-1 
24^ 






147-9 







The Diioa at Kiga, where we have some observations made in the 
sixteeutb century, gives a similar result The average time of the open- 
ing of the river, in forty years of the sixteenth century, was April 9.6 ; 
in ninety -one years of the eighteenth century, it was April 7.2 ; iu fifty- 
four years of the nineteenth centnry was 8.i. The Dwina at Arch- 
angel and the Dnepr at Kiev also show very slight diflerences between 
this century and the last. 

The secoud part of Wesselovski's work contains extensive tables io- 
valnable to the meteorologists. The mean temperature, the number df 
rainy days, and ampunt of fallen water, are given for every month of 
every year, so far as he could obtain the data. This collection of obser- 
vations is extremely important for the study of the non-periodic varia- 
tions of the meterological elements. The freezing and opening of riv- 
ers is given for every year separately, and it is much to be desired that 
such tables should be obtained for other countries. As yet they are 
very fftw in number, and no country of any considerable extent has 
tables of this kind comparable to those given by Wesselovsky. 

About the year 1850 the geographical society of Bussia began to col- 
lect informatiou on the climateof the empire. Xosociety or institution 
baa the means of enlisting the cooperation of so many meterological 
observers as this society, it being widely known throughout the coun- 
try, and having a great number of correspondents. It was thought 
necessary to collect topographical descriptions of different places, as a 
foundation of local climate, as well as observations of the periodical 
phenomena. In 1857 a meterological committee of the society recom- 
mended the establishment of a periodical devoted to the meteorology 
of Kussia, as well as to allied branches of this science. The society 
adopted this recommendation, and the journal known as the " Beperto- 
rium fiir Meteorologle " was established under the directorship of 
Eiimtz from 1859 to 1863. Three volumes appeared and were highly 
valued by men of science. The most important contribution was 
by Ktimtz, " Klima der siidrussischen Steppen," About this time, espe- 
cially since 1860, a general belief was entertained that the system of 
meteorological observations established in Russia had proved a failure, 
the money given by the government had been expended to little 
purpose, that the Whole system required reorganization. As is generally 
fooud in such cases, there was consitlerable truth, and also a great deal 
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of exaggeration in this opinion. The enormons extent of conntry over 
which the meteorologic^ stations were scattered prevented their fre> 
qnent Tevision, a condition necessary to the successfal working of 
a meteorological Bystem. The iDstruments of the stations were not (re- 
qnently enough compared with the standards. All this certainly rendered 
the observations less valuable than they would otherwise have been, 
yet the location of the observatories, especially those of Baroanl and 
of Nertschiuak, in a country the study of which is especially important 
to meteorology, rendered even second-rate observations valuable. On 
the other haod, the liberality of the Russian government in publishing 
the observations in full was of great use to science. It is only within 
the last ten or fifteen years that we have learned the great value of ac- 
tual observations, while iu former times monthly means were tbongfat 
quite snf&cieut. The Russian publications were not valued as highly 
as they merited, because they were in advance of their time, and we 
are now able to say that the system of observations and publications 
established by the Russian government was not a failure, but rendered 
good service to science. 

About the year 1865 efforts were made to extend the meleorological 
observations and establish a system of telegraphic bulletins. The min- 
isters of the navy and public iustruction took an interest in the 
enterprise, hat the practical result was next to nothing. 

After the death of Kupfer, Eamtz was nominated director of the 
physical observatory. Extensive reforms in the organization of the 
meteorological system began at this time, and were continued by his 
Boccessor, Dr. H. Wild. The physical observatory is now placed nudei 
the authority of the academy of sciences, and that body has the choice 
of its director. A new set of instruments was ordered to be made, 
compared at the observatory, and sent to the different stations. The 
centigrade scale for the thermometer, and metrical divisions for 
the barometer, and raio-gange have been in use since 1870, so that 
nearly the whole continent of Europe have the same measures for the 
meteorological instruments. TheGerman meteorological system,directed 
by Dov^, alone forms an exception, having the Reaumur scale for the 
thermometer and the old French measures for barometer and rain- 
gauge. The form of publicatiou was also changed j hourly observa- 
tions bad ceased since 1868 except at Tiflis, and it was decided to 
publish the observations made thrice a day, without any difference 
between stations maintained by the government and those of private 
observers. The first Annales published in this way were those of 1865; 
those of 1866, 1867, and 1868 were in the same form, while the obser- 
Tations of 1870 and 1871, made after the new system, are already pub- 
lished, and those of 1872 in active preparation. No meteorological 
system in Europe has a publication of the same importance, for 
it must he repeated that original data are especially necessary in the 
present condition of science. These data most be printed to reader 
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thnm most useful, sod also to place them nithin reacb of every 
student of meteorology. Tbis is generally recoguized by all men of 
seience iu Europe, aud they would establish a similar system of publi- 
oatious if only the money could be procured to defray the espeuse. la 
the present position of central and weatom Europe this is very dtfiQcult, 
as the expenditure for military operations has iucreased to the utmost, 
and the governments are very economical in their appropriations for 
scientific purposes. Happily Russia is now iu a bett«r condition, and 
cau afford to devote more meaus to the cultivation of science and other ^ 
truly useful purposes. 

We have seen that the system of publication adapted in Russia is com- 
meudable. Tbe other points of the system are far from being as good. 
(1.) There are too few stations in many parts of the country, especially in 
tbe North aud iu Siberia. (2.) Tbe stations are too seldom visited, and 
tbeir instruments compared with standards. (3.} The practical applica- 
tions of meteorology are lost sight of by the physical observatory. The 
inoouvenieiice arising from the too great distance of tbe stations from 
the central observatory has already been recognized. Wild proposed to 
have branch central observatories in the university towns, and some 
other principal cities of the empire, the director of wfaich would each 
have the supervision of a part of the country. The directors of these 
observatories would inspect the stations as often as possible, aud com- 
pare their instrument with standards. The central physical observatory 
at St Petersburg would have to determine as to the system of ob- 
servation and registration to be adopted, and to reduce, discuss, and 
publish the observations from all parts of Russia. It was proposed to 
have such branch observatories in Moscow, Easan, Charkof, Kiev, 
Odessa, Dorpat, Warsaw, and Helsingfors, Wilna, Tifiis, Irkutsk, Tasch- 
kend, and Pekin which would complete the system. At Tiflis the system 
is iu operation, as the director of the observatory at this place has the 
controlof theobservations made iutheCaucasiau provinces, inspects their 
instraments, &c., and sends their observations, after discussion, to Peters- 
burg to be published. Unfortunately this system of centres could not 
be fully realized tor want of meana The principal reason why tbe me- 
teorological system of Russia, so excellent in many respects, cannot be 
completed as was intended, is that meteorology has not been practically 
applied in Russia, aud the observatory has not interested the people at 
large in its principles and importance. This is true to such an estent 
that very few, even in St. Petersburg, have an idea of the existence 
of a central physical observatory. Indeed the notion is prevalent that 
meteorology is a part of the operations of the astronomical observatory 
of Pulkowa ; this being the case, a much less nnmlier of observers are 
willing to do the work Imposed by the regulations of the govemmeut, 
and for which they are not paid, because they do not have a definite no- 
tion of what becomes of tbeir work when it is sent to St. Petersburg. 
Some of the former observers have refused to undertake tbe greater 
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amonnt of labor necessary in carrjingoutthenew system, and certainly 
there are many of these who are quite unknown to men of science, 
whose laborious efforts have in a great measure been lost for want of 
proper instructions of what and how to obaerTo. A second drawback 
experienced in carrying on this system is the difficulty, to which \fe 
bave before alluded, of getting the additional grant of public money so 
necessary to the further progress of meteorology as well as to its prac- 
tical application. So far frota interfering with the progress of pure 
science, the practical applications, in extending the number of observ;i- 
tioQS and increasing the number of men interested in science, can only 
conduct to new discoveries. 

Id speaking of practical appliances I, of course, refer to the system 
of weather telegrams and predictions so extensively used at present in 
the United Statca 

As some of the general movements of the atmosphere have been 
determined, and it is known that in Russia the storms move from west 
to east, as they generally do in the middle latitudes of the globe, we 
are in a very favorable position for the prediction of the weather, much 
more so than those in West«rD Europe, and scarcely less than in the 
United States. As a great many meteorological stations exist in the 
west of Europe, it is easy to obtain telegraphic communications relative 
to the weather &om them for the mere expense of the telegrams. The 
Norwegian meteorological institute has already established forewarn- 
ings of storms, and it woald be only necessary to establish telegraphic 
lines to the shores of the Arctic and White Seas, for the benefit of the 
shipping and fisheries of these regions. The western part of Bussia, 
with the Arctic, White, Baltic, and Black Seas, would thus mainly de- 
pend on Intelligence received from abroad, while the railroad officials and 
travelers inland could be warned of the approach of storms of snow and 
rain by the intelligence received from Western Kussia. The delays on 
the railroads and the great loss of life which frequently occur on oi-diuary 
roads could thus to a great extent be prevented. After the climatical 
features of Bnssia have been sufficiently studied, agriculture itself would 
profit by the warnings of heavy rains and thnuder-storms predicted in 
advance ; they would be prepared for and lose a part of their balefid 
Infinenco. Within the three last years the geographical society h»s 
again busily occupied itself in promoting the study of meteorology in 
Bossia, and the success of the first two years of this work is very en- 
couraging. The geographical society did not, however, wish to inter- 
fere with the business of the physical observatory, yet the inability of 
this institution to perform all the labor was too clear to he ignored. It 
was proposed to elect a meteorological commission tVom among the mem- 
bers of the society. This commission was elected in the beginning of 
the year 1870, and discharges the dnties of meteorological societies in 
otber conutries; that is, it furnishes the theoretical and practical prop- 
ositions of the scleuce. 
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A general system of raitiB aud thnnder-storia observations was com- 
jnenced, in the prosecution of which the society was mnch favored by 
its extensive correspondence throngboat the conntry. Gircalani ex- 
plaiuiDg the necessity and mode of observations were sent to tbe corre- 
sponding members, to various schools, to the presidents of the district 
assemblies, &c. A cheap rain-gange was also adopted, of which the 
principle is simple and its ase easy to nnderstaDd. Of these there were 
abont sixty new observers iu the spring of 1871, while all the necessary 
preparations were not completed until tbe antumn of 18T0, A year 
later the number of observers bad increased to abont two hundred, aud 
this state of things continued to be very promising ap to the time when 
I left St. Petersburg, in December, 1872. The success of this effort 
proves that it is not di£BcuIt to find many persons willing to work for 
science, even if an immediate practical result is not expected, provided 
only that the final utility of tbe results is properly explained. 

To obtain this very desirable result it was necessary to publish and 
send to the observers paperson meteorological subjects, which would tend 
to awaken and siistiiin their interest in tbe subject. This was done by 
the geographical society in Nos. 1 and 5 of its " iswastia" which contained 
papers of this kind, copies of which were sent to all observers, and 
generally distributed. Being secretary of the meteorological commis- 
sion, I was charged with the duty of drawing np the result of the first year 
of observation, from December, 1870, to November, 1871. The results 
obtained were better than could have been expected from tbe variable 
nature of aqueous precipitation. It was even possible from the data to 
draw ieohyet^ lines, the first ever attempted in Russia, for the mouths 
of May, July, August, and September, 1871. It was found easier to 
draw isobyetal lines for oue single month than for means of different 
years in different places. As to the thunder-storms, it was less easy to 
obtain general results from the fejr observations made in 1871 ; maps 
could not be drawn from them. On the other band, tbe results for the 
direction of thunder-storms and the hours at which they occurred were 
satisfactory. The most prevailing direction was from southwest, next 
from south,BOutheast, west and northwest, while from the other direc- 
tions their appearance was very seldom indeed. The hour of the most 
frequent ocourreuce of thunder-storms was abont 3 p. m. At some sta- 
tions situated from one hundred to two hundred and fifty miles east 
of the Ural mountains a second hour of maximum occurrence existed 
late in tbe evening. As the storms move from W. to E. these latter ones 
evidently originated in the Ural mountains, where it is known that fre- 
quent and very violent thunder-storms occur in snmmer, and moving 
eastward arrived later iu tbe day. A similar feature could be noticed 
in the southwestern group, Kiev, Fodolia, and Volbynia. They are to 
the east of the Karpathians, aud the thunder-storms from that quarter 
reach them in the night. 
The geographical society further decided ta devote a volume of its 
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('* Sapiski ") memnirs entirely to meteorology, especially to investiga- 
tiODS lelatiTe to the climate of Bassia. The reason of this decision was 
the desire tbat was felt to have this aahject tboronghly invesUgated, so 
as to prodoce a voifc on the level of the science of onr timey as 
Weeselovski was of tbat of sixteen yean before. It was hoped that 
the fflembera of the meteorological commiasioD would contribute to the 
desired result, which coald only 'be atteiued by the united efforts of 
many laborers. The plan of periodical publication of the society 
"iBvastia" was not wdl adapted to meteorological works of great 
extent, being principally devoted to the progress of geography. The 
Siberian section of the geographical society at Irkutsk has also esteb- 
lisbed a meteorological commission, with the same powers as that of 
St. Petersburg. .Many observations made in Eastern Siberia are reduced 
and discQssed there, and much progress in the science may be ex- 
pected from that quarter. Tbere are few countries so interesting to 
meteorology and yet so little known as Eastern Siberia. It includes 
the meteorological pole of winter — tbat is the coldest region in tbis sea- 
son — and besides embraces an enormons extent of country, with every 
variety of local climates. 

A secondary meteorological center at Irkutsk is also very importent 
for the supervision of stations and comparison of instruments. It is 
next to impossible to effect these objects from St. Petersburg, 

It would be going too far to mention the efforts of the various gov- 
ernment boards and societies to establish systems of meteorological ob- 
servations in different parte of fiussia, the more so as a unity of direc- 
tions is now shown to be necessary to the progress of this science. Most 
of these systems are now united with tbat of the physical observatory, 
having adopted the same measures and methods. Tbis is the case with 
the navy, which has meteorological stetions on the White, Baltic, 
Black, and Caspian Seas, and also on the Pacific coast. 

We shall now give a brief exposition of what is known of the climate 
of Bassia, what are the advances made in latter years, and what re- 
mains to be done in this respect. 

Oar knowledge of the temperature of Bassia is fyte more complete 
than that of the other meteorological elements. A striking fact has 
been brought to our knowledge in the last ten or fifteen years, that the 
mean temperature of winter is higher on the shores of the Arctic Ocean 
than to tbe south of it on the same meridian. Kear the Kortb Cape it 
is higher, even if we advance from southwest to northeast, while in tbe 
rest of Europe tbe nortbeastis theeoldestqnarter. Thisisdnetothe warm 
waters of tbe G-ulf Stream, which flows along the north coast of N^orway, 
and fEutfaer along tbe Bussiaa Murman coast as &r as the Svjatoi Noss, 
(Holy Cape.) The waters in tbis region never freeze, even masses of 
floating ice are never seen in them, and they communicate their tem- 
perature to tbe surrounding air. The places in the interior of tbe con- 
tinent, for from the warming inflaences of the Oulf stream, will natnr. 
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ally liavo a lower winter temperature. No long meteorological observa- 
tioDS have beea made on tbe Murmaa coast, bnt the citiea of Northern 
Norway sitaated on tbe same ocean, and subjected also to the indaeoce 
of tbe Gulf stream, have a very similar climate. For the consideration 
of ttie winter and snmmer temperature of tbe same meridiaafrom north 
to south we will refer to the following table: 
Meridian about 22°. 





WiDter. 


Summer. 


Diff. 




S3. 9 
6.4 

20,7 
M.8 
27.0 


49.0 
57.9 
59.0 
62.1 
(53.5 

























Meridian about 29^ E./rom Qreenwtch. 



Winter. Summer. Diff. 



WaTdoe,70=N 

Petenbnrg, 60" N ,. 

Gorki, 54° N 

Kiev, 50ON 

0(le«8ft,47°N 

Sevastopol, 45° N .. 



ai.9 


45.9 


17.4 


60.8 


18.1 


61.5 


22.6 


65.3 


27.9 


70.3 


36.9 


72.7 



We see that Wardoe has nearly tbe same temperntare iu winter as 
that of Kiev, situated 3(P to tbe south on the same meridian. Even fer 
from the shores of the Arctic Oceau the increase of temperature from 
north to south is very Slow, It is accelerated only wbon we approach 
the shores of the Black 8ea. Here again the warming induence of tbe 
salt-water basins is felt, while the temi>erature of summer also increases 
rapidly, and this for tbe reason that South Russia is priocipaUy a steppe, 
(prairie,) and such treeless regions are more heated by the sou than 
those covered with woods. 

In the case of increase of temperature from north to south, Kortbem 
and Central Russia are very different from the United States, the former 
having tbe least and the latter tbe largest increase of temperature fh>m 
north to south known in any extensive region. This increase is as fol- 
lows in Russia, for 1 degree of latitude in degrees of Fabr. : 





Year. 


Winter. 






0.70 
1.76 


0.58 
2.79 












Difference 


l.OS 


2.21 
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Tbe tetDpersitare of the winter is also higber on the western coast of 
Nova Zambia than Id tbe northeast of Kuropean Russia and Western 
Siberia. It has been fonud to be 6.7 on tbe 74° north iu N^ova Zeniblo, 
while it is — 6.6 at Berezov, (64o N.,) 1.6 at Iscbim (6Co K,) and 10. 2 
at Kasalinsk, on the lower Syr-Uaria, (46° K.,) so that it is only 4^°. 
higher, for a difference of 28° of latitude. The mildness of winter tem- 
peratare on the Arctic Ocean is also iilastrated b; tbe fact that, while 
this ocean does not freeze so far as the Swjotoi Nobs, the Caspian and 
AzoT Seaa, in a latitude of about 46°, freeze to a great extent 

The observations made iu Bussia fnmish as with the means of tracing 
the changes of temperature from east to west, from tbe Atlantic to the 
Pacific Oceao. Generally the winter temperature decrea^s as we ad- 
vance into the interior of tbe continent from west to east, and increases 
a little on the eastern shores of Asia. Yet, being much lower there than 
iu Western Europe, tbe temperature in the interior is a little higber iu 
samnier than near tbe Atlantic, and decreases very rapidly near the 
Pacific, being much colder there than anywhere else on the same par- 
allel in Europe or Aaia. 

Parallel 0/70° J?, 





Winter. 


8.„„„. 


Diff. 




21.9 

3.2 

-36.9 


45.9 
35. C 

46.8 

















Parallel of 62° to 64° N. 





Winter. 


Snumer. 


"■ 




39. a 
27.1 
17.4 
7.5 

- 6.5 

— 37.3 


54.7 

65. B 
59.4 
Sit. 4 
58.1 
59.0 





























The difference between tbe limited climate of the shores of the Atlan- 
tic and the excessive climate of the interior of Eastern Siberia is strik- 
ingly illustrated by this example. Tbe difference of the mean temper- 
ature of January and Jnly in tbe last place is more than 100°, (January, 
— 41.4; Jnly, 63.3.) Ud fortunately we have no observations on tbe 
shores of the Pacific north of tbe 69th degree. The winter temperature 
woald certaiuly be mnch higher there than at Jakutsk, 
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Parallel of 59° JT. 



Sandwlok Orkney, 3^ W .. 

Reval, 35°E 

Wologda, 40° E 

Bogoelowsk, (i)60°E .... 
Ochotzt, (Pikcifio,) 143° E. 



53.5 


118 


59.0 


36.7 


60.8 


47.9 


58.9 


59.1 


52.1 


60.2 



Paratkl of 56° N. 



Glasgow, 4»W 

Copeahngeu, 13° E.... 

MoBoow,3TOE 

Ki«ian,490E 

lachim, 69° E , 

Ajan, (Pacific,) 138° E. 



31.3 
14.7 
11.0 



ParalUt of 53© N. 





Winter. 


gnnimer. 


Diff. 




41.6 
35.1 
17.1 
8.1 
1.0 
-6.3 
20.3 


58.6 
63.5 
65.1 
&'>.3 
64.9 
58.9 
55.5 

































Parpilel of 46° S. 





Winter. 


Somnier. 


Diff. 




39.7 
3».8 
27.9 
22.4 
10.8 


67.6 
72.5 
70.3 
74.9 
73.6 
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Winter. 


Snmcer. 


Diff. 




50.0 

47.8 

39.9 

28.8 


70.0 
72.9 
7.S.6 
77.9 





















The difference between the enat and west is less sensible in the lower 
latitudes tbao north of the 50tli degree. Scarcely will the winter be found 
colderanywbereontbe 40th degree than inPekin,and jet tbediSerence 
between this place and Lisbon, on the Atlautic, is only 26<3, while tbe 
winter climates of Dnblia and Nicolajevsk differ by 47.0, and yet in the 
last place the temperature is already milder, becanse of the proximity 
of tbe Pacific. Blagorestschensk, on the upper Amoor, latitude 50°, 
has a winter temperature of — 8.5, while in Helston, in Southwestern 
Englaud, it is 46.0 ; difference, 54.5. 

The summer temperatures are mnch more ei^uable, being lowest on 
the Pacific shore, (Ochotsk, Ajan, Petropavlovsk.) 

Tbe ratio of the change of temperature in European Kussia from west 
to east may be adopted as follows, in degrees F. for 1° of longitude : For 
the year: — 0.25; winter, — 0,50; summer, 0.13, (') that is, it increases 
very little in snmmei and decreases very rapidly iu winter. In this last 
season the decrease from west to east and from south to north is the 
same. 

The extensive plains of Russia and Western Siberia are very favorably 
situated for this ktud of study, since the local pecniiarities do not in- 
terfere with the result as much as in other countries. In Eastern Sibe- 
ria tbe conditions are different ; the country is intersected by many 
mountain chains ; the vicinity of the Pacific modifies tbe climate to a 
great extent. On tbe other band, as the points of observation are very 
wi<lely scattered, it is not to be woudereil that we know very little as 
yet of the climate of this interesting country. Tbe pole of winter cold 
is situated, we know, at or near Jakutsk, on tbe Lena. As I have said 
before, the general system of meteorological observations did not extend 
so far northward, and it was aprivate individual, Mr. Keverof, to whom 
we are indebted for the tweuty-five years' observations at Jakutsk. In 
Eastern Siberia, as iu Western, tbe cold of winter is more intense in tbe 
interior of the continent than on the shores of the Arctic; the coldest 
known winter being at Jakutsk, latitude G2<^ N. In this respect Asia 
seems to differ vei-y much from America, as here the coldest peninsulas 
and islands of the Arctic Ocean are far beyond 70° N. 

The cause of this itifference is probably that the Arctic north of the 
Asiatic cunlinent is net entirely frozen, even in winter, while the uu- 
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1 bays aud aouiids uortb of America are covered witli an un- 
broken sheet of ice and Bnow. These bodies being very bad conduct- 
ors of beat, their surface, and the air immediately overlying them, can 
cool to a great extent, as would a cootioent. These fa^ta should be borne 
in mind wlieu speaking of the climate of Eastern Asia and America, es- 
l)laiuing the differences found, contrary to the gencml opinion of the 
similarity of tbe eastern shores of both great continents. The changes 
of temperature with elevation are also very mucli modified by the gen- 
eral features of Eaa^rn Siberia, geographically aud climatically. We 
know two high points of this country which have a higher mean winter 
temperature than tbe surrounding lowlands. These points are Mount 
Alibert 52° 30' N. latitude, and 100° 41' longitude E. of Greenwich, 
7..300 feet high, aud the mines of Wosneseusk, 58° 4C latitude N., 115=> 
1 C E., 2,S17 feet bigb.('} I give here the temperatares of January as they 
wei-e observed, and the supiwsed temperatures of tbe same points at sea- 
ler el, according to Dove's isothermal map. 





Temperature, of January. 






Observed. 


Supposed. 


DtRereace. 




-H3.0 


— 26.5 


13.5 











We see that these high points have a much warmer winter tempera- 
ture than was supposed. Wosneseusk is uot very far from Jakiitsk, 
where the temperature of January is — 41o4', that is, more than 27° lower. 
Irkutsk is uot far fh>m Mount Alibert, and has a much lower winter 
temperature. 

The increase with the height in winter in these two cases being shown, 
the question follows as to the cause. In clear, cold spring nights vegeta- 
bles are often knowu to suffer from frost in low situations, while those 
on hills escape injury. This has long been explained by the actiou of 
radiation and gravity, when the air is calm. The colder and denser 
portions have a natural tendency to dow downward, and this tendency 
in a clear, calm night is not couuteracted by the sun and winds, as it 
is generally during the day. Now a condition, analogous to that of 
spring, does prevail very generally in Eastern Siberia, especially iu 
winter. The air is citlm, the sky clear, the sun appears only for a short 
time, and tbe superposition of strata of air which would be caused by 
radiation and gravity is very little impeded. It is not to be wondered 
at, then, that a condition which is rare in Europe and the United States 
should be so common in Siberia, so as to raise even the mean tempera- 
ture of high stations above that of low onea. A very general and strong 
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west n'ind was also noticed in winter at Mount Alibert, and described 
as ii warm wind, wliile, as wo have said before, calms witli inteDsc radi- 
ation prevailed Id tlio lowlands. 

These (acts, as also macb of what we begin to kiiow about the plateaas 
of ^orth America, show tbat the so-called laws of decrease of tempera- 
Tiiro with elevation are not generally applicable. The older notions oq 
this poiut are taken from the observations iu tropical South America 
nud the nionntain regions of Western Europe; that is, from maritime 
climates and mountiuu-chuins. In regard to plateaus, these laws, we 
are sure, must be very different, but we are not able at present to state 
what they really are. In the present stale of our knowledge we can 
only say that the decrease of temperature will be greater, first, in mount- 
ain-chains than on plateaus; secondly, in summer than in winter, or gen- 
erally in warm temperatures than in cold ; thirdly, in dry than in moist 
sir. 

The parts of Asia belonging to Russia present the most interesting 
problems relative to the influence of position on the distribution of 
temperature which can be fonnd. Uai'artuuately these couutries are 
scarcely emerged from darknes?. 

The range of temperature is an important element, which ought to be 
more studied than it is at present. I will refer only to an opinion very 
widely entertained in Kussia, that the Siberian climate is very constant 
iu comparison with that of Europe. This is erroneous, at least so far 
as Western Siberia is concerned, which has a very variable temperature 
especially in winter, scarcely less than that of the Mississippi Valley, so 
conspicuous in this resiiect. 

The following table shows the mean highest and lowest temperatures 
of each month, observed with maximam and miuimum thermometers, 
tor twelve years, from 1851 to 1862, 
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Baruaul, ia West Siberia, has the greatest range of temperature, at 
least firom November to May. In the winter Sertschinsk has a rel- 
atively small range ; it is the constant wiDterof Eastern Siberia; in Jan- 
uary the range is even Bmaller than at St. Petersburg. The maxima 
are clearly seen in Nertschlnsk in March and November, while Jaonary 
and Jnly have the least range. The temperature sometimes may fall as 
low in Western Siberia as in the eastern part of that coantry, only in 
the latter the cold is constant, and the thermometer never rises above 
the freezing-point from the first days of November to the middle of 
March. The following table gives the absolute maxima and minima of 
the winter months in the same period ; to which I have added those of 
Jakatsk for ten years, 1845-1^4, from obeervations taken thrice a day 
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The absolute range is less in Jannary in Easti^rn Siberia than in any 
other of the given points, while it surpasses 100° at Baruaul. At this 
last point 360.5 were observed on the 4th of December, 18C0, and — 07.0 
on the ICth of the same month, being a difference of 103.5° in twelve 
days. These enormous variations of temperature have also been ob- 
served in the valley of the Jenissei — for example at Krasuojursk, 3;J.l on 
28th of November, 1840, and —51.2 on the 30th, being H4.3 differeuce 
in 40 hours. In Eastern Siberia these enormous changes are unknown 
in mid-winter. 

The pressure of the air has received much less attention in Bussia 
than thetemperature, and thiscanbesaidof the observations, as well as 
of their calculation and tabulation. We do not possess as yet good 
barometrical tables, although we may hope to have them, as LU-utenant 
Mikatsckef and Baron Maydell, both of the physical observatory, ai-e occu- 
pied with the reduction and discassion of all the barometrical observa- 
tions which they could obtain in Russia. The largest collection of 
barometrical means for Russia is that in Buchan's work ou " Mean 
pressure and winds." 

The great summer depression of the barometer is strongly marked in 
Southern and Central Bussia, and is perceptible even farther to the 
vent. It probably attains its greatest amount on the plateau of Cen- 
tral Asia, from Eastern Turkestan to the Gobi, but we have not a single 
year of continued .barometrical observation in this widely-extended 
country. The greatest amount of the summer depression known to us 
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■was observed west of the plateaus, on the upper Irtyech and east of, 
them at Pekin. Tbu folloniug table shows the diatribatioa of pressuie 
in diSereut luontba : 
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The moDttaly differences of pressure have only lately attracted general 
attention. The canse of this is that in Western Europe, Eastern Forth 
America, and the tropics, these differeuces are very small. It whs only 
after the observations iu Siberia, China, and India were known, that the 
barometrical depression of the summer was noticed, and the summer 
monsoon of India and China was explained by the rarefaction of the 
air in the middle of the continent, and the consequeut drawing in of the 
air of the surrounding seas. 

Now that the relations of the pressure to the winds are better known, 
much more attention is given to barometrical observations, and espe- 
cially those of the Asiatic continent attract the attention of all me- 
teorologists. There are two problems which remain to be solved here 
in regard to this matter : (1) Barometrical observations in the interior of 
Asia, to ascertain the true amoant of summer depression at a distance 
from the influence of the ocean, and (2) a line of levels firom the Baltic 
to the Pacific Ocean. So long as the true height of Siberian points of 
observation is not known, and the adopted heights may be wrong from 
300 to 500 feet, we can know very little of the pressure of the air in this 
region. It is a ctrculus vitiostis, as the heights are measured by the 
barometer,aDd afterwards theobserved barometrical readings are reduced 
to sea-level, on the supposition that the obtained height is true. The 
isobars drawn in Bucban's excellent work on the mean pressure are not 
free from this reproach, as any isobars must be so long as the actn^ 
height is not accurately known. The plan of a line of levels from the 
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Ural AIountaiDS to Lake Baikal vraa discnssed last, year by a special 
commission of the Bnssian geographical society, and the importance of 
this work clearly pointed out. The coancll of the society, however, 
declined to undertake the work immediately for want of adequate 
mcaus, yet it was hoped that private individuals would help the society 
in this important enterprise, the more so as it has a practical bearing. 
A line of railroad from Nijny-Wovgorod over the Ural to Irkutsk, 
and from tbeuce to the Amoor Biver, or directly tu China, is in serious 
contemplation. Its feasibility is beyond doubt, as the difficulties are 
far from being so great as those of the American Pacific Baitroads. 

The barometrical minima have an important bearing on the produc- 
tion of storms, as it is now well ascertained that these violent commo- 
tions of the atmosphere are caused by a great barometrical difference 
between places near each other. Generally the barometer is ver^- low Iq 
the center of a storm, this center drawing in from every direction the 
surrounding air. Ou the other hand, a great barometrical depression 
can only be sustained by the coudensatiou of vapor ; cold and dry con- 
tinental areas will then arrest the progress of storms moving towards 
them. The coldest region of Siberia can have no storms in winter, if 
the foregoing views are correct This is also the casej for example, at 
Kertschiusk, we find scarcely a moderate wind in the three winter 
months, calm or very light northwest winds being the rale. In Wes^ 
em Siberia calms prevail in very cold winter months, while the winds 
are stronger in warm winters. In considering European winter storms, 
•Mohn arrives at the following conclusions: 

Storm-centers move from S. 71° W. in the Arctic and Atlantic 
Oceans, from N. 7° W. in Scandinavia and Germany, and from N. 21° 
W, in Russia. He says that the air is too cold and dry in Northern and 
Eastern Bussia to snstiiin the barometrical depression ; the coudensatiou 
ou the southern side is much greater, and so the storm moves south- 
ward, while the barometer rises in its center. The mean pressure in 
the center of storms is 28.6S inches over Scandinavia and Germany, 
and 20.13 over Bussia. 

Mohn has not attempted to trace the European storms to Siberia, as 
the observations were too few for this purpose. I have tried to gain 
some knowledge of the subject of storms by considering the barometri- 
cal range; that is, the mean maxima and minima of esich month.f I 
can, however, only briefly state the results: The mean barometrical 
minima of the winter months, reduced to sea-level, are : At Bcikiavik, in 
Icelaud, 720 millimeters, or 28.5 inches ; at Hammerfest, Norway, 730 
millimeters, or 28.7 inches ; at St. Petersburg, 737.3 millimeters, 29.0 
inches. At Barnaul, (West Siberia,) 7547 millimeters, or 29.7 inches; 
at Ncrtschiusk, (East Siberia,) 763 millimeters, or 30.04 inches. In 
the last-mentioned place, the mean barometrical minima are an inch and 
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a half higher tlian in Iceland. In Siberia the meau minima are also 
lii{;ber in January than in the other months, while generally in Eorope 
and North America the contrary is the case, indicating a greater inten- 
sity of the storms in midwinter. In the anoexed diagram the move- 
ment of the minima is graphically represented, l^orth America and 
Western Eorope have the same system of curves, the minima being 
highest in summer, lowest in winter. In Siberia and Eastern Asia the 
contrary is the case ; this is especially marked at Pekin. The stations 
of Lugau, in S. Itussia, and Catbarinenburg, on the Ural, occupy aq 
JDtermediary position, having neither the oceanic nor the true continental 
type. The greatest difference between the last twoplaees being that in 
Lngan October has the highest minima in the year, and Catbarinenburg 
the lowest. This is not accidental. In October the conditions of the 
temperature and moisture of the air on the Ural, and in Siberia, are 
more favorable to the propagation of storms than in winter. In the 
same season the Atlantic storms take a more northern course, causing 
a great depression of the minima on the Ural. In Sonthern Bussia 
the pressure is generally high in autumn, as also the minima. Octo- 
ber is not a stormy month there, while November and December are. 

It is possible that in October Atlantic storms may reach as far as 
Jakutsk. The sky is generally overcast there, it is the most clondy 
month of theyear,and thennmberof west and sonthwest winds is great. 
The temperature has not yet fallen so low, even in the northern inte- 
rior of Siberia, as to prevent the propagation of storms. 

We shall next coosider the winds, which are in so iutimate a connection 
with the pressure of the flir. I have said before that Wesselovsky had 
proved the existence of a belt of eastern winds during autamn and winter 
in Southern Rassia, white at the same time the southwest winds prevail 
in the northern part of the country. The movemeutsof the atmosphere 
are better known at the present time as far as the Jenisse'i, and I have 
been able to prove the existence of a belt of prevailing south west winds 
in Northern Siberia, and of eastern winds in the south of that country 
and Central Asia. The division line runs about the parallel of 50o or 
52° north in Siberia, and a little more south near the shores of the Black 
Sea.' 

This is illustrated by the following table, which shows the percentage of 
winds in winter in Western Siberia, Central Asia, and Southeastern 
Bussia: 
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North of 52°, 
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The prevaleuce of soathwest winds in the northern part of the country 
18 clearly seen in this table. Even Oreubtirg and Seraipalatinsk, situ- 
ated between 50° auA 52^, have prevailing east wiuds, bat a great num- 
ber of southerly also, while Astrachan and Baimak have much less 
southwest and much more northeast winds than all the other points. 
The differeoces we notice between the several poiuts are easily accounted 
for, if we consider the rough mode of observing the wind-gauge and the 
difiereut local circum stances having an iuduence on the indications of 
this instrument. 

I have also noticed an iuflnence of the upper river valley, the winds 
in the direction of this being generally more frequent. For example, 
at Tobolsk the Irtysch comes from the southeast, and the wiuds Irom 
that quarter prevail. At Jscbim, Barnaul, and Krasuojarsk the rivers 
flow ^m the southwest, and so the local direction corresponds with 
the general one, giving an euormons prevalence to the southwest Avinds. 
At Omsk only this is not the case; the rivers flow from east and south- 
east, and yet the prevailing wind is southwest. This is probably due to 
the very le^el position of the surroundings of Omsk. The winds of this 
place can be considered as typical for Western Siberia, north of 52°, 
that is, a moderate prevalence of the southwest, extending also to the 
Bonth and west winds. Three or four years ago nothing accurate was 
known as t« the wiuds in the basin of the Yenissei. How we kuow that 
the southwest extends as far as there, and probably even to the east of 
this river. 

Further to the east the winds are so rare and irregular in the winter, 
and calms so general, that I may call this region one of prevailing 
calms. It embraces the basin of the Lena and the tributaries of the 
N'orthem Ocean, east and west of it, as also Transbaikalia. It is the 
region of the Siberian meteorological pole. The atmosphere is generally 
clear and calm, with cold generated on the spot by radiation, and not 
brought from other places by the winds. We must not imagine that this 
region is of equal magnitude every winter ; it extends and contracts 
unperiodically. In very cold winters it stretches westward to the Ural, 
and even farther, while the warm winters of Western Siberia are those 
in which it shares in the atmospherical currents of Europe. To prove 
thii I calculated the temperature of the winds at Krasuojarsk )u the 
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winter months of 1870-'71, as given in the following table, iu which y. 
C. indieHtes the number of winds observed : 





N. E. 


E. 


S.E. 


S.E. 


aw. 


w. 


N. W. 


Colm*. 


HODth. 












i 




£ 




i 




£ 




^ 


1 ' 












i 




1 




1 




1 




1 


. ' 1 




































!s 




S 


t- 


^ 


t- 


K 


s 


2 


H 


S4 


^ 


» 


H 




Deeembor. . 














-3S.5 







„ 


f, 


^ 


-W.1 




-<n 




Jmu»o--- 


9 


-14 : 


4 


-11. 1 












5S 


0.7 


n 




n 




18 ' U2 


Febnmry.. 


^ 


-l.S 




34. e 


' 


S1.S 


e 


"■• 


M 


'■* 


B 


s.a^ 2 


-,9.1 


13 j ..5 



The temperatures of the months were: id December, —12.2; Jan- 
naty, — 4.2; February, 4.0. February is mnch warmer than Decem- 
ber, yet the t«mperatare of the prevailing southwest winds is nearly the 
same, differing only 1.4, while the mean temperature differs by 160.2. 
Ent we see that in December calms were much more prevalent than in 
February, and the temperature of the calm days very low. To show 
more clearly that the movement of the air in this region tends to elevate 
the temperature, I have calcnlated separately the temperature of light, 
moderate, and strong southwest winds. 
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The strong winds are by far the warmest, the difference of temiiera- 
ture between light and strong being 12. 8 in December, 15. S in Janu- 
ary, and 12. 3 in February. The region of calms, or of the Siberian pole, 
is bounded on the south and cast by that of the Asiatic monsoons, or 
periodic winds, blowing from the laud in winter and from the sea iu 
summer. It is only within the last year that the true extent of this 
interesting region has become known. In the winter the interior of the 
continent is cooled by radiation, the atmospheric pressure rises, and the 
air dows out to the Indian and Pacific Oceans, where the pressure is 
less. In summer the continent is heated, the pressure is mnch lowered, 
and the air from the surrounding seas flows in upon Asia. Encounter- 
ing high mountains on the south and east, the sea-air is forced up into 
a higher and colder altitude, and loses its vajwr iu copious rains; so 
the gap cau never be filled, as the precipitation causes a low pressure 
near the mountain sides. Thesemovemeutsof sir are especially marked 
iu Southern and Eastern Asia, because the heated plateaus of the inte- 
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rior are there nearest to the ocean. Air is also drawn into Central 
Asia from the Arctic and Atlantic Oceans, hot, having a mach longer 
distance to travel before reaching the monntainB, and being onginally 
colder, it does not cause sacb a great precipitation. The in-draugbt 
from the north and west ia also less regular, since the pressure over the 
Arctic is not high in sammer, and the air of the Atlantic is also drawn 
toward the deserts of Africa where the pressure is low in sammer. 

The Asiatic monsoons were first known to the Enropeans in India, and 
therefore we often find them called Indian monsoons. It is also supposed 
that they always blow from the northeast in winter, (dry monsoons,) and 
from the southwest in summer, (wet monsoons.) In the lately published 
" pilot-chart " of the British admiralty the monsoon region ia repre- 
sented as extending northward to Soathem Ohina only. But tbe 
winds much farther to the north have the same periodical character. 
Even in Northern China, Japan, Mantscburia, the Baasian Amoor 
provinces, and on tbe western coast of the Sea of Ochotsk, cold, dry 
winds (northwest) from the interior of the coutinent generally prevail in 
winter, while in summer they are from the sea, bringing cloud and rain. 
There is, therefore, no reason why we should not extend tbe Asiatic 
monsoons to these conntries, since their climates are of the same char- 
acter as that of India, tbe temperature alone excepted, the winter being 
the clear, dry time of the year, and the summer being tbe rainy period. 
Sometimes the summer monsoon extends as far inland as Lake BaikaL 
In 1869 this lake, the greatest f^esh-water basin of the world except 
Lake Superior, rose more than 10 feet above its ordinary level, causing 
disastrous floods in the neighborhood. Such copious and long-continned 
niins in snmmer are unknown in European Bussia; the great rivers are 
unaccompanied with freshets in summer, especially those traversing 
great lakes, as the Neva. 

The following table shows the periodical character of the winds in 
the regions of Eastern Asia : 
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The western winter moDsoon is established as early as the end of 
September; that is, in the time of the typhoons of the Soatbem China 
seas. The navigators in the Sea of Ochotsk have long known the 
periodicity of the winds in this region, of which they take advantage in 
going io the sammer from Kamtschatka to the western coast of this 
sea, and returning in September or Octol)er, when the western winds 
have fairly set in. 

The extremely unpleasant cold and damp sammer climate of these 
regions is caosed by the prevailing east wind coming from the cold Sea 
of Ochotsk, a true polar basin transfered to a lower latitnde. The 
yearly increase of temperature is also checked to a great degree by this 
influence, the warmest month being generally August, when the sea- 
water has acquired a higher temperatttra 

The summer rains are very copioos, even iu places inland as far as 
Pekin. In this place, as also at the mines of N^ertscbinsk, the fait of 
water is more than fifty times larger iu July than in January. In the 
last place there is hardly any sledging in winter, tboQgh the tempera- 
tare remains six months below the freezing-point. The countries on the 
Lower Amoor and Japan have more of snow and rain in autumn and 
winter. The east winds from the adjoining sea are seldom ext>erienced, 
yet when they do occur the precipitation is copious, the diftereuce of 
temperature between land and sea being very great. We find a resem- 
blance to this in the climate of Eastern North America, vbere the rain- 
fall is more copioos than in Europe ; yet the sky is clearer and the 
number of rainy days less. 
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I have said before that the monsoon climate is chamcterized by a gen- 
erally clear winter and a rather cloudy ttnmmer. The amount of cloudi- 
ness has only begun within the last few years to attract the attention of 
scientific men. An extensive collection of tables of this element has 
been commenced by Kamtz, and continued by Wild, who has published 
the results in the new " Kcpertorium iiir Meteorology," They embrace 
many places in Bussia and in Siberia. I present here an extract from 
these tables, iu which the means of several places have been combined 
together. The amount of clondiuess is expressed in percentage ; a cloud- 
less sky taken as zero. 
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The coDtrastiug climates are tbo^e of European Russia and Eastera 
Asia, the first having the greatest amount of clond generally in Decem- 
ber, the lost, in July or Angnst. The greatest part of Siberia is a land 
of transition, haying the least amoant of cloud iu March and the great- . 
est in October or November. Barnaul has very little cloadiness from 
February to August, so as to form a transition t>etTCeeQ the steppes on 
the southwest, and the conntries on the east of it. Yet it must be said 
that the accuracy of this table is not very great, the amoant of cloud- 
iaess not being observed in fcH'mer times in Kns^ia, and only snch des- 
ignations as clear, cloudy, overcast, &c, being given, and sometimes 
also the different qualities of clouds, {cirro cumubia,) &c. It seems 
especially that the amount of cloadiness in Southern Ba^sia is less than 
that shown in Wild's table, and the same probably applies to the sonth- 
east steppes. In regions where the sky is clear for some weeks together 
the oliaervers will record " cloudy " if only a few clouds api>ear, &c. A 
cloudiness of from 70 to 72 at Odessa and Lugan seems to me quite 
impossible. 

I have already spoken of the summer winds in the monsoon region. 
In the region of the southwest winds the change from winter to summer 
is far leHS marked, the winds being a little more from the north in sUm- 
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mer, tbe prevailing directioD being still west. In the ftteppee of Soatb- 
em Bassia, and far into Central Asia, the wiods are also west in June 
and Jaly, the prevailing direction beiog tbe opposite of that of winter. 
Yet tbis has not so great an influence on all tbe featores of the climate 
as in Eastern Asia — Ist, because winds from other directions are more or 
less common iu both seasons ; and 2d, because there is not the contrast 
existing in Eastern Asia between the winds Irom tbe continent and those 
from tbe ocean. 

Tq Transcaucasia the winds are also generally easterly in wint«r and 
westerly in summer, as on tbe northern shores of tbe Black Sea. Yet 
the influence of tbe mountains and sea is strongly felt. On the Caspiiui, 
especially, tbe day and night breezes are very regular iu summer. The 
Persian sailors know this very well, and in going from tbe south to As- 
trachan they keep along tbe eastern shore, where the breezes are stronger 
than on the western. 

We possess very few observations on tbe quantity of falling water, 
and this has induced tbe Geographical Society to establish a more k^d- 
eral system, especially for tbis element. Yet we mast wait at least from 
ten to fifteen years before having reliable data from tbe new stations. 
Some general features can, however, be ascertained even now, with the 
aid of tbe few points of observation we possess. In a work on tbe raios 
of Russia* I have divided the country thus : 

1. Eegion of prevailing summer rains, with a maximam in July: In- 
cluding tbe northern part of ^Russia and Siberia as far as the 50° in the 
west, and 5i° in tbe east. 

2. Region of prevailing summer rains, with a masimum in June : In- 
cloding the country south of the former, being tbe principal part of the 
steppes (prairies) of southern and eastern Russia. 

The two regions differ, moreover, in this, that tbe second has a very 
^marked dry time in September and October, with easterly winds, and 
a second maximum in Kovember. 

Possibly the difference of tbe time of most copious rains coincides 
with tbe physical aspect of the country, being well wooded in tbe north 
and nearly naked in tbe south. Iu the beginning of the summer the 
grasses and com-flelds of tbe steppes are green, and in this conditioa 
tbe evaporation is considerable, giving enongb of vapor to the air, 
while at the same time the cold caused by evaporation is favorable to 
the condensation of moisture. In July tbe grasses are already withered, 
the com ripened, and in these conditions the planta evaporate much less 
water, and therefore the rains are less frequent and copions. 

In the wooded region of the north evaporation' from the leaves of 
trees goes on tbe whole snmmw, the best conditions for rain being in 
July, tbe hottest month. In the United States tbe conditions are simi- 
lar. The country east of the Bocky Mountains is also principally oneof 

* To be published in the " Bapiakl" of the BaMian Geof^phictU Society ; also, 
"ZeitBchriftderA3teTreichiscbenGe3aeUschaftfilTMet«orologie,''year 1871, p. 193. 
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Rammer raine, bat in th« prairie Statto the maximam of falling water is 
reached earlier ; 60 in Missouri and Kansas there is a marked tnaximnm 
in Jnne ; farther to the soath eveD Id April and May, which is due to 
tho earlier vegetatioD. In the wooded Atlantic sea-board, on the con- 
trary, there is no sach tendency to an early maximam, the rains being 
very equally distribated in the Korthem States, and having a maximam 
in July or Angnst in the South. 

Besides the above stated difference between the north and south, 
there is a marked one between the east and west of Russia. Precipi- 
tation in winter is macfa less in the former. This is not due to the differ- 
ence of the currents of the air, bat to the winter cold, which is greater 
in the east. The warm, moist sontbwest winds contain little vapor in 
Eastern Russia, and therefore the quantity precipitated cannot be great. 
Yet snow folia occasionally, and in small qnantities, even at Jakntsk, 
which has the coldest winter of which we have any knowledge. Snow- 
falls have been observed there at temperatures of Ironi — 40 to — 46 Fahr. 
The rain-fall of sammer does not diminish generally from the Baltie to 
the Obi in Siberia. Local circumstances seem to have a great indnence 
on the summer rains, but their study requires many m<M« observations. 
There are also two small regions with prevailing rains in autnmn — one 
on the Baltic coast, comprising Soathwest Finland and Lihan ; another 
in the southern part of the Crimea, south of the Jaila Mountains. 

3. Nearly rainless region of the Caspian and Kii^hez steppes. - Here 
the amonnt of rain falling yearly is from 4 to 6 inches, and is very irreg- 
alarly distribated. It is an arid, desolate country, in which agriculture 
is impossible withont irrigatioa. The boundary of the region of sam- 
mer rains No. 2 is very clearly marked on the west It is the high, right 
bank of the Volga from BtP to 48° N., and a line of heights called Jergeni, 
forming its continuation to the south, extending to the Enma-Manytsch 
depression, about 46'^ N. Un the south of this depression the plateau 
of the Western Caucasus rises, and its eastern border is also the line 
of division between the two regions, the eastern t>eing low, salt, and 
desert; the westeru having regular summer rains, and a luxurious nat- 
ural grass vegetation. A great part of it is already under cultivation, 
yielding escelleut corn-crops. 

The mountains of Central Asia have more rains than thesteppes at 
tbeir foot, and the rivers descending from them are extensively used 
for irrigation. The inhabitants are well aware of the benefit of this sys- 
tem, and, though not very civilized, have excellent modes oi irrigation. 
The whole of Central Asia, as much as we know of it, has a similar cli- 
mate, the sedentary inhabitants gathering around mountain streams, 
and often draining them to the last drop for their fields. 

4. Bast of this cMiuutry is the monsoon region of Eastern Asia, with an 
enormous prevalence of summer raiua The principal features and ex- 
tent of this region have been already described. These are the four 
principal regions from the Baltic to the Pacific. The fioods of the nv- 
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ers furnish ns also means of distinguisbing tbe European climate from 
that of the Pacific elope. All great rivers of Earopean Russia, as also 
tbe.Obi and Jeuissei, have ouv priucipal Hood in the year, after the melt 
tug of the winter snow. Tbe rise of water is more or less protracted, 
owing to tbe climate and extent of tbe basin, bo that the highest stage 
of water is reached as late as the 16tb of June by tbe Volga at Astra- 
cban, owing to the late melting of the snow on the western slopes of 
the Ural and the enormous distance the water has to pass from tbence 
to Astrachau. 

The summer rains are not long enough continued, and too local to 
have great influence on the rivers. 

The Angara Kiver, tributary of the Jenissei, does not rise generally 
in spring, tbe quantity of snow falling tbere being too small. But 
sometimes tbe river and Lake Baikal, wbicb it traverses, rise very bigh 
in summer. The Amoor lias also no great fiood, due to tbe melting of 
snow, but rises very high sometimes in summer. Tbe disastroas flood 
of 1872 wilt long be remembered by the inhabitants of tbe country. 
The rivers of China have also floods, due to tbe spring and summer 
rains, and, like all rivers in snch condition, their floods are very disas- 
trous and irregular. 

The Caucasian provinces, though of small estent, show great differen- 
ces in the quantity and character of tbeir rains. South of the priucipal 
chain we must distinguish three principal belts : (1) that of tbe eastArn 
coast of the Black'Sea, a country of very copioas precipitation. It in- 
cludes Mingrelia, Imeretia, Guria, and Abchasia, being bounded on 
tbe northeast by tbe principal chain of the Caucasus, and on the east 
by the Snram Mountains, separating Imeretia from Grusia. About 60 
inches tall in the year, which is tolerably well distributed, the maxima 
being in June and December. A warm climate and copious rains pro- 
duce a rank, luxurious vegetation, having some features of that of the 
tropics. Climbing plauts are especially favored by the climate, and the 
trees of Central Europe attain immense dimensions. (2.) Grusia has a 
less rainy climate, the maximum falling in May. Irrigation is found 
much necessary in tbe valleys, while the mountain-sides, from 2,000 to 
5,000 feet bigh, are clad with forests. The maximum of rain-fall in May 
is strongly marked, this month at Tiflis having also the greatest number 
of rainy days and the greatest amount of cloud. On the higher plateaa 
of Armenia, 4,800 feet. May is also the rainiest mouth, as it is due north 
of tbe Caucasian chain at Alagir. (3.) The western shores of the 
Caspian have sub-tivpical rains — that is, tbe greatest quantity falls in 
autumn and wiuter, while the summer is decidedly dry. The distriba- 
tion is nearly the same along all this shore, while the quantity varies 
much ; Lenkoran, for example, has more than 50 Inches, while Baku has 
only 10. The vapor coming from tbe Caspian, places having mountains 
to the westward receive copious rains. Lenkoran has a similar position, 
the Talysb Mountains rising from 5,000 to 7,000 feet due west of the 
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tonn. Baka is situated in a low, arid conntry nortli of this place. 
The vicinity of Euba and Dert>ent has macb more raios, because the 
ramiflcationsof the high Shah Dagh approach tlie Caspian. This country 
fans magniflceut forests and very favorable conditioBS for agriculture. 

I have already said that the opening and fi-eezing of rivers was long 
ago observed in Bossia. These data give us the meaoB of ascertaining 
something of climates where no tbermometrical obaervationa have been 
made. 

In the following table the rivers are arranged according to natural 
basina The principal rivers are taken from their source to their month, 
and their affluents afterwards. 

Samber of dayt lAe riven wtre /ro*e». 

BASIN OF TBE PACIFIC. 

AmooT at NicolqjevBk 193 

Ooon near NertchiDSk ..... ..^...... ........... 170 

BASIN OF THE ARCIIC. 

T«i»BtU9tranak,70ON a«0 

Lena at Kirensk, 57° 204 

L«Da at YokoDtBk, e3° 304 

YcDiBei at Tenieseiak, 58^ 171 

Aogaraat lrkont8k,53° HT 

Obi at Barnaul, 63° 167 

Irtish at Tob(.Lik,5eJ 173 

Tom at Tomsk, 56° 180 

Tobol at KargaD 171 

Soava at Bereaov, M° 207 

laset at CatheiiDebiiTg 179 

F«tcfaoraBt ita moalh, about 310 

Dwina at Archangel, 65° IDl 

Sncbona at UatJDg 168 

Wjlwhegda at Jarenak 132 

Wolt^da at Wologda, 59° 170 

Onega, H° 169 

TanaatUt^oki, 69° .-. 197 

BABIK OF THR BALTIC. 

Kemi near ToDM, 66° 207 

Enontekois, 68° 228 

Uloo at Uleaborfc, 65° 201 

Neva at St. Petereburg, 60° 147 

Narova at Narva, 59° 137 

Embach at Dorpat, 58° 131 

Dwloa at Wit«bsk, 56° 134 

Dwinaat Bigo, 57° 136 

Niemeu at Kotdo, 54° 90 

TUtulaat Warsaw, 52° 85 

BASIN OF THE BUCK AND AZOV SBAfi. 

Dannbeat Galatz, 45° 48 

Dneper at Kiev, 50° 97 
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Dueper at CatberinensliiT, 48° 91 

Dneper at Kheraon, 46° 80 

Soech at Gomel, 52° 122 

Bereiioa at BoriMOT, 64° la 

Pripet at Turov, 52° 10> 

Don at UBtrMedvediio, 49° 135 

DonatAksai, 47" 107 

Woroneje at Woroneje, 32° l:jj 

Lopan at CharkoT, 50° IK 

BISIN OF THE CA8PIAK. 

Wolga»tTT6r,56° 147 

Wolgaat YaroBlav,58° 158 

Wolga at EoHtioina, 58° 161 

Wolga at Kasan, 5(P 153 

Wolga at Samara, 53° 150 

Wolgaat Saratov, 51° 138 

Wolgaat ABtiakhau, 46° 99 

Oka at Orel, 53° 130 

Jna at Tambov, 53° 146 

Kama near Dedjaobin I<j0 

Kama at Ussolje, 60° A 176 

Kama at Peim, 58° 160 

Kama at Jnlabnga, 56° IfiO 

VjutkaatVjatka,58° .' 163 

Bjelaja at Ufa, 55° 158 

Ural at OwnbDrg, 51° 164 

BASm OF THR ARAI. BE&. 

8yr-Dnna at Kbodjent, 40° 

S;r-Daria at Jt. Porovak), 45° 98 

8yi-Dariaat Kasaliosk, 46° 133 

The time of opening and closing of rivers depends not only on the 
intensity and duration of frost, bnt also on many local conditions, as, for 
example, tbe strength of the current. On this accoant the Angara at 
Irkutsk is frozen only half the time it wontd be if its current were not so 
very strong. Tbis river very seldom freezes near Lake Baikal, and at 
Irkutsk tbe freezing begins at the bottom. Elvers of such an exceptional 
character are seldom met with in Bussia, as the great«Bt part of the 
conntry is a level plain, only slightly nndalating. There seems not to be 
a very great difference in the time at which large and small rivers are 
frozen ; tbe former freeze and open a little later. Great and deep bodies 
of water are not so easily cooled as small, and so great rivers freeze later. 
The later opening in spring has a different cause: The ice of the smaller 
rivers is broken by tbe inrush of water from melted snow. The channels 
of great rivers do not fill so rapidly and their ice mnst be more worn 
before it breaks. The Volga at Saratov, where it carries an enormous 
body of water, and tbe Oka at Orel, where it is a very small river, are 
covered with ice nearly tbe same namber of days. But the Volga is 
frozen only from the 8th of December to the Idth April, while tbe Oka 
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freezes tbe 25tb of November and opens the 4th of April. It ia thns 
closed thirteen days earlier and opened fifteen days earlier than the 
Volga. 

Tbe rivers are frozen a mnch longer time in Eastern than in Western 
Bnssia ; for example, at Orenbnrg the river is one houdred and sixty -four 
days covered with ice; at Tnrov, in the same latitude, tbe river is one 
hnndred and seven days frozen, and at Warsaw only eighty-five days. 
The dnration of cold weather is the principal featare of the climate to 
be considered. Fortbermore, extremes of cold seem to have very little 
iufinence 'f for example, in tbe winter of 1870-'71, the coldest of tins 
centary, the Neva froze seven days later and opened ten days earlier 
than is geDerally the case. lu this winter the cold was restricted to 
the months of December, January, and February, the months of Novem- 
ber, 1870, and especially March, 1871, being comparatively warm. 

An extensive collection of data relating to the freezing of rivers, 
lakes, and bays is in progress in Russia. It is the work of Lieutenant 
Bikatschef, who presented bis plan to the Geographical Society in the 
beginning of 1870. Gircnlars asking for sncli observations were sent 
to every part of tbe empire, and it was also thought necessary to extend 
the work to foreign conutries. I am happy to say that this plan received 
tbe hearty assistance of the late Professor Coffin, and of Professor 
Beury, who tried to obtain all available data from North America. 

I have now briefly stated the most important fa.cta relating to the 
meteorology and climatology of Russia, and will end with expressing 
the hope that the practical application of science to weather-forecasts 
may soon extend to my country, and that thus telegrapbical weather- 
communications may encircle tbe globe. Everything that is useful to 
mankind spreads so rapidly in our day that we shall probably see at 
DO distant date, difflcnlC as it may seem, tbe system extend even to 
countries nearly desert, such as Eastern Siboia and Alaska. We shall 
tjien see our Baltic harbors warned of the approach of Atlantic storms 
many' days before their occurrence, while the Russian staiions on the 
Pacific will at the same time render a similar service to California and 
Oregon. 

1 mentioD here some of the priudpnl sources of information relative 
to tbe meteorology and climatology of Russia, especially those published 
in German or French, which are more generally known thau the Russian 



Annvaire magn^ique et mit4orologique, from 1837 to 1848. 

Armale» Ae Vobtervatoire physique central, from 1849 to 1864, contain- 
ing the detailed, [tartly horary, magnetical and meteorological observa- 
tions of the great stations. 

Corre^ondanoe m&^orologique, from 18S0 to 1864 qnarterly, daily means 
of all stations in correspondence with tbe physical observatory. 

Annalen des pkysikalUcken Central-Observatoriumay (Russian and Ger- 
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man,) for 1865, 1866, 1867, 1868, 1870, und 1871, tri-aaily means of tbe 
meteorological elemente. "So mngnetical observationa. 

Repertorium fur Meteorologie, edited by the geographical society, re- 
ducteur, Kamtz, 1858 to 1863 ; a very important sonre© of information ; 
valuable coDtributions by £aintz and other scientific men. 

E^ertorium far Meteorologie, edited by the academy of sciences, re- 
dacteur, Dr. Wild, containing works on the climate of Uussia by him 
and his assistants, appears since 1S70 irregularly. 

WessetovkPs " klimate Boasie," (on the climate of Russia,) 1857. A 
very important source of information. 

The works of the geographical society contain a great deal of informa- 
tion, especially some of the older volumes of the memoirs, (Sapiski.) and 
the year 1871 of the " Jsvastia." A new volume of tbe memoirs now 
in print is devoted entirely to meteorology. The pnbhcations of the 
CaucoKian and iSiberian brauches of the society should also be meu- 
tioned. The only volume edited by the new Orenburg Bectiou, contaiuB 
an important contribution by Mr. Ovodof on tbe winds of Orenbarg. 

The Bulletin de la Soci4t4 dee naturaliatet, &c., of Moscow, contains 
meteorological observations of Moscow from 1841 to 1855, and from 1861 
to 1872, as also meteorologioal contributious of a more general kind. 
Mediko-Topograftsckeski collection, edited by the medical department 
of the interior, two vols., 1870 to 1872. The " Zmttchrift der Suterrei- 
chiachen Gesellnchaft fUr ^eteora/of^ie" containsmany papersrelatingto 
the climate of Russia. I mention only tbe tables of temperature io 
the year 1870, Xos. 10, 14, and 15. 

The Bulletin and the Memoirs of the Academy of Sciences of SL 
Petersburg contained much information iu former times ; for example, 
Abich's contributions on the Caucasus, iu tbe years 1849 and 1850. 
Since the foundation of tbe " Bepertorium fur Meteorologie^ ia 1870, tbe 
meteorological contributions appear there. 

Tbe important works of Dove on teniperatnre, of Buchan ou mean 
pressure and winds, of Coffin, on tbe winds of the northern hemisphere, 
published by tbe Smithsonian Institntiou, as also Haun, " TJntemvt- 
ckungen ueber die Winde der nordlivken EemiapMre," contain valuable 
iDformation about Russia. 

The publications of tbe universities (Utscheuija Sapiski, Jsvastia, 
&c.) contain mncb information, especially in former times, when the 
centralization of the publications relating to meteorology was not yet 
begun. 

Observations are also often published by newspapers, but it woold be 
too much to mention them all here. Tbe same may be said of some 
special and old works. 
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PHENOMENA MANIFESTED IN TELEGRAPHIO LINES DURING THE 
GREAT AHEORA BOEEAIIS OF FEBRUARY 4, 1872; AND THE 
ORIGIN OF NORTHERN LIGHTS. 



BT PnOFEBSOH O. B. DOKATI, 

StiptHnlmdeitt of ftc AMronamieal Obttnalorg at FloTtnoe. 



[TcBDalat«d from the Itali»ii for the Smithsonian Institution from the Bivista Scien- . 
ti Sco-Iadostri ale. ] 

It is not uecessary for me to give a description of the laminoas phe- 
nomena manifested dariog the gieat aurora of the 4th of February last. 
So many descriptions of these have been published, that it is very easy 
for any ooe to obtain ioformatiou on the aabject. But it will not be 
nnuecessary for scientific purposes to make known the results derived 
from the observations which during that exhibition of northern lights 
were made in the various telegraphic otBces of this kingdom, and to 
compare those observations with others made cont«mporaneouBly beyond 
Italy. In doing this I am indebted to the favor of Mr. Commendator 
D'Amico, director-general of the Italian telegraphic lines, who furnished 
me with all the observations made by his subordinates on that occa- 
sion. From the aggregate of those observations, the following concla- 
sioDS, I think, may safely be drawn : 

The fitful currents and the corresponding perturbations manifested 
along the telegraphic lines, ou the occasion of the aurora of February 4, 
were greater on the lines extending from east to west than ou those ex- 
tending from north to south. This was the case even when the hnes 
mnuing from east to west were much shorter than those from north to . 
BODth. In fact, Inspector-General Masi, who was at the office of Bag- 
nara, Calabria, from his accurate observations concludes that the liue 
from Bagnara to Naples, which runs almost entirely along the meridian, 
and which is the longest of all the lines that meet at Bagnara, gave by 
the needle of the galvanometer the least deviation of all other hnes. 
And that, on the other hand, the liue from Bagnara to St. Eupliemia, al- 
though Sorter, but running almost exactly from east to west, showed 
the influence of the aurora more than any other line. The same conclu- 
sion is drawn from the observations made in Sardinia. On the Unes 
from Gagliari to Iglesins, and from Santa Teresa to Isola Madalena, 
both very short lines and running from east to west, the perturbations 
were greater than on the long lines from Santa Teresa to Gagliari, both 
the latter lines mnning from north to south. This fact had been noticed 
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by General Ma» and entered in his minutes on the exhtbitioQ of the 
aurora on the 24th of October, 1870, antl vas alao observed by Messrs. 
Snrean and H. Tarry along the French lines. * 

The changes of direction as veil as the changes of intensity which 
the currents that ran over the telegraphic wires underwent, were very 
great during the aurora. The perturbations produced by the aurora 
began to be noticed on the Italian lines at 4 o'clock 30 minutes p. m, of 
the 4tb. The maximum of the current manifested itself at 6 o'clock 31 
minutes, and in that moment the current changed its direction suddenly. 
Another maximnm somewhat less than the preceding manifested itself at 
6 honrs 37 miunt^s. At hours 52 minutes the needles of the galvanome- 
ters remained stationary for about 3 minutes. Toward 8 p. m. the pertur- 
bations lost much of their iuteusity, and after this no perturbations took 
place intense enough to obstruct the transmission of dispatches. Not- 
withstanding this, the luminous phenomena, taken as a whole, though 
very variable, were not less splendid firom 8 to 10 than they had been 
from 6 to 8. Mr. Masi in his account of the phenomena states as fol- 
lows: " Looking at my compass, and at the same time at the luminous 
phenomena, I observed that the deflection of the compass increased 
with the increase of the luminosity at the northwest and decreased with 
its decrease." Mr. Masi's remark of the correspondence between the 
deflection of the needle of the compass and the luminous Tariations of 
the aurora in the northwest may be true, but it seems to me, from the 
examination I have been able to make of the various observations, that 
the intensity of the luminous phenomena, considered as a whole, was 
not proportionate to the amount of the perturbations. Indeed, 1 think 
tbat the magnetic perturbations on the telegraphic lines preceded iu 
time the luminous phenomena. 

Mr. Masi was led by bis observations to think that, on the telegraphic 
lines which were situated mnch above the level of the sea, the phenom- 
ena produced by the aurora were manifested sooner and with greater 
energy than on lines less elevated. And also that on the latter lines 
the phenomena exhibited themselves later and with less intensity. Mr. 
Maei, however, adds tbat we have not a sufficient number of observa- 
tions to consider this as an established fact, bnt that it deserves atten- 
tion iu the future. 

The time given above is mean time at Borne, and it would be very im- 
portant to ascertain whether in other lines, differing considerably in 
longitude from the Italian lines, the same phenomena manifested them- 
selves, and exactly at what time. Mr. H. Tarry, who attempted to 
ascertain this circumstance, says that the magnetic perturbations which 
took place on the telegraphic lines manifested themselves at the same 
time in Italy, France, and America, within perhaps one minute's differ- 
ence.! 

* Comptcs-rendus de I'AcndiSinie des BcieDces, Vol. LXXIV, page 484. 
t Comptee-iendaa, VoL hXXlV, page 519. 
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Bat the facts on vhicb be bases his condaaioD seem to me too gen- 
eral and too few, and that we require more particular aod more Dumer- 
ona observations before accepting bis statemeut as that of an estab- 
lisbed fact. Mr. Tarry also adds that " in the telegraphic line from 
Brest to Paris, from 5b. 65m. to 6 o'clock p. m. (Paris time) there were 
two very singular waves. The deflection of the needle at first increased 
progressively from <P to + 60<^. Then there was for one minute a firm 
adherence of the armature of the telegraphic iustrument, with per- 
sistent deflection. After this the needle went gradually down to 0, 
then up to + 60°, where it remained one minute. At six it jumped 
saddenly fW>m + 60° to - 60o.« 

I have tried to ascertain whether in the interval of time which cor- 
responds to between 5b. fiSm. aud 6 o'clock, mean time of Paris, there 
were any observations made in Italy, in order to compare them with 
those made in France, and I flnd that from the observations made at 
Borne by Messrs. PerelU and Gotti, on the hue from Borne to Milan, and 
from those made at Florence by Messrs. DonaliBio, Guidi, and Qabrielli, 
on the line from Florence to Tuiiu, the following table can be con- 
Btmcted : 

Line from Rome to SSHan.\ 

Ueau time of Paris. Tbe oeedle of the galvtuiometer, at inoo tDniB. 

From 5" 55" to 5" 57", moves gradually from — 62° to -f- 78° 

5 57 5 57.6, passes rapidly from +78 —60 

5 57.5 6 58, " " " -60 +73 

6 68 6 58.5, " " " +73 -65 

5 5S.5 5 5& almost stationary between +73 —65 

5 69 6 00.5, rushes over zero to +60 

lAnefrom Florence to Turin. 
From S'' 55" to 5'' 56", oscilates aud goes rapidly tram — 80° to + 80° 
5 57 moves rapidly from +80 — 60 

5 58 u u (( _60 +75 

6 58.5 mores fixim +76 — 65 

To 6 00 almost stationary towards —TO 

then jumps violently to - +10 

In comparing the preceding observationB with those reportod by Mr. 
Tany, it seems as if we may conclude that both in Italy and in France 

■Comptes-rendns, Vol.LXXIT, page 484. 

tTbe liae from Bome to Milan passes throngti Foligno, Florenoe, Bologna, and Pia- 
cenza. Tbe line from Florence to Tarin passes throogh Empoli, Pisa, Spezia, Qenoa. 
Tbe time of tbe Italian obeervations ore reduced to mean Paris time, by sabtracting 
40™, from tbe time indicated by the obserrere of Rome and Florence. The obaeira- 
tions made at Rome ore preceded by the following notice. It being known on which 
side the needle is deflected wben Rome sends a positive current, the deflection ob> 
served on tbe oppo^te qaarter is marked thns, (+) and that on the same quarter is 
marked thos ( — .) The reeiBtanoe of the galvanometer naed in Fleienoe was 101, and 
that used at Rome 104 Tiemena nuits. 
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flrom 6'>.66 to 5^.57 (mean time of Paris) tbere was a gradual movement 
of the needle ; that after tbis ttiere occnrred sudden leaps, and that at 6 
o'clock the needle remained stationary for abont one minute ; after this 
iest the needle moved violently. 
Mr. Tarry reports that at 5\28^ the needle Jamped in France from 

— i0^to+ 60^. At thattime the galvanometer bad not as yet been used 
by the inspectors at tbe office of Bome, bat E find that the needle of the 
common compass nsed by telegrapbiats jumped in Boitie from -|- 20° to 

— 22° at 5^.27". Mr. Tarry also reports that at Si- .34" the needle of the 
galvanometer moved suddenly in France fi'om — 40° to + 50 ; and I 
find that the needle of tbe common compass at Borne moved from + 
36= to — 26° between 6''.30"' and 5" .37". 

yo comparison can be institnted with the observationsmade in Florence 
during the tbe above-mentioned time, for observations in that city com- 
menced Inter. They are all given in mean Paris time. 

Mr. Coumbary, director of the observatory at Constantinople, says that 
on tbe lines of Turkey, toward 7''.35" tbe cnrrent was reversed au<l be- 
came positive, Bfaowing great intensity. Judging from tbe whole of hia 
remarks, it appears that at the above-mentioned time the greatest per- 
turbation occnrred, which manifested itself on tbeTurkish lines.' I have 
already said that the Italian lines had reached their maximum at 0''.3L", 
(mean time of Gome j) if tbe time stated by Mr. Goombary is given la 
mean time of Constantinople, (as in presumable,) then tbe greatest per- 
turbations on the Turkish lines manifested themselves at (>''.29"' mean 
lime of Rome.^ 

Mr. Goombary says that at 9 o'clock (7''.54" mean time of Borne) tele- 
graphic commnnication was resumed in Turkey. It has been already 
mentioned that in Italy perturbations on the lines became much weaker 
toward 8 o'clock, (mean time of Borne.) So that it seems that tbe great 
perturbations ceased contemporaneously in Italy and in Turkey. From 
what baa been stated it appears that we may conclnde with Mr. Tarry 
that the perturbations on tbe telegraphic lines took place, as a general 
rule, simultaneously. On tbis important point, however, more extensive 
researches are needed, and with more particulars than have hitherto 
been given; inasmuch as tbe perturbations on the telegraphic wires 
followed each other almost continuously, and errors, however small, in 
the times noted, or in the deflections observed, might make acoincideuce 
appear where there was really none. 

To prove tbe general gimtdtaneouaneBa of the electrical perturbations 
which manifest themselves in the electrical telegraphs in anroral mani- 
festations, would be the much more important, inasmuch as it api>ear8 
sufficiently proved by experience that the luminous phenomena proceed- 
ing from auroras are not at all simultaneous, but mantfoat themselves 
first in tbe more eastern countries, and then in tbe western. In support 

* Compt«»-reu(]iis, Vol. LXXIV, page ftiP. 

i CoDStaiiliuupIc U enat fioni Boiuo about l'>.Oi>. 
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of the above view, Professor Olmstead dtee many facts in a learned 
essay, publislied ia the oontribatioDS of the SinithBonian Institution of 
America. Mr. Tarry also has noted a similar fact in the great aurora of 
Febraary 4, 1872, while comparing the times in which the laminous phe- 
Domeoa were seen in Europe witii the times in which they were seen in 
Suxbnry, near Boston.* 

To this I can add that the Italian consul of Oypraa adtlressad a letter 
to bis excellency *our minister of foreign affairs, which was kindly com- 
manicated to me, from which it appears that the Inmiuous phenomena 
of the aurora of Fe1»uary 4 last were very conspicuous at Cyprus, that 
they became feebler toward 10 o'clock, (local time,) and after that disap- 
lieaied almost entirely. At Paris, also, the luminous pheuomeua of the 
same aurora were very vivid till 10 o'clock, (local time,) then became 
much weaker, and disappeared almost entirely. Kow, as Cyprus is about 
two hours cast of Paris, it follows that in absolute time the luminous 
phenomena of the aurora ceased at Cyprns two hours before they dis- 
appeared in Paris. If it were not so, and the light of the aurora borealis 
had been very bright at Cyprus at the same time that it appeared very 
splendid in Paris, instead of beginning to decrease in the latter place 
at 10 o'clock witboutany further increase of brightness, it ought to have 
oontiuned in itH splendor till after midnight. 

Kow, bow can we explain the fact that the luminous phenomena of 
the aurora borealis appear first in the east and after in the west f The 
theory that the aurora is nothing else but a slow electrical discharge, 
vhich takes place between the npper and the lower strata of our atmos- 
phere, is well known, generally admitted, and confirmed by the beauti- 
ful experiments of De La Rive. Oa this point there can be very little 
doubt at present. But is this a complete explanation ; that is, does it 
give a reason for all the circumstances which accompany the aurora bo- 
realis I Besides the circumstance that the luminous phenomena of the 
aurora move, so to speak, from east to west, there is another very im- 
portant one which must not be overlooked when we are seeking for an 
explanation of these phenomena as satisfactory as we can obtain. The 
lute researches made by Professor Loomis prove that in latitudes which 
are not verj' high the nnmber of auroras and their luminous intensity 
has a maximum and a minimum about every ten years j aud this fact is 
also confirmed by an examination which I have undertaken of au ex- 
tensive series of observations existing in this observatory, in which the 
exhibitions of anroras are accurately recorded. Although the theory 
which reganls the aurora borealis as the result of slow and prolonged 
discharges of electricity is phyiically complete, and esi}lains fully the 
electrical and luminous phenomena, it does not seem of itself to give 
a satisfactory reason either for the periodicity of the auroras or of 
the successive progress of the phenomena from east to west. That the- 

* DenisuD Olmstetul, StnithHonian ContribntiuDS Jaaaarf , 1<&^, p|'. 44-45 ; H. Tarry, 
Comptcs-rcndus, Vol. LXXIV, p. H». 
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ory may still be adopted as geueral expositioo of the pbenomeDO, al- 
tboQgb it may require to be supplemeated witb additional bypotbeses. 
It seems to me that this can be done by admitting, with Sir John Her- 
schel, that between the sun and the planets thete may be an iuterchauge 
of electrical cnrreats. In such a case these cnrreuts will be at different 
times more or less intense, according to the position and the distance 
Tchich the planets occupy iu space with respect to the sun and to each 
other ; and on this account the resulting phenomena will be snbfect to 
a periodicity. If we admit that between the different bodies of oar sya- 
tern there is a contiunons exchange of electrical actioo, that ii, if we ad- 
mit that there exists a cosmical electricity, the former may combine with 
the natural electricity of the earth, and produce almost constant auro- 
ras at the poles, where the terrestrial magnetism is more energetic ; then, 
if from any cause whatever the cosmical electricity increases, the north- 
ern lights may increase correspondingly, so as to become visible even in 
places very distant from the iioles. 

If the existence of coamical electrical currents is admitted, we may 
also imagine that in certain cases an electrical discharge takes place 
toward the sun or from it; in such a case we can conceive that certain 
plienomeua can occur only in such places as have a certain direction and 
a certain position with respect to that discharge. Consequently such 
phenomena will make themselves visible successively under the differ- 
ent meridians, according as, by the diurnal motion of the earth, they 
come to occupy successively the same position and the same direction 
with respect to the discharge which we have imagined. It is true that 
we hare no direct proof of these cosmical electrical currents, but it is a 
very old idea, pat forth by Galileo, Kepler, and many other philosophers, 
that the sun and the planets may be magnetic bodies, and why not 
electncal as well as the earth T and if this is the case, (which seems very 
natural,) it may also be admitted that through that ether which is gen- 
erally admitted as filling the universe, there may be an intercbange of 
electric currents between planet and planet, and between the planets 
and the snn. 

Sir John Herschel, in a note at the end of the fifth chapter of his 
astronomy published in 1833, writes as follows: 

"Electricity traversing excessively rarefied air or vapors gives out 
light, and, doubtless, also heat. May not a continual current of electric 
matter be constantly circulating in the sun's immediate neighborhood, 
or traversing the planetary spaces, and exciting, in the upper regions of 
its atmosphere, those phenomena of which, on however diminutive a 
scale, we have yet an unequivocal manifestation in onr aurora borealis 1 
The possible analogy of the solar light to that of the aurora has been 
distinctly insisted on by my father, in his paper already cited. It would 
be a highly curious subject of experimental inquiry, how far a mere re- 
duplication of sheets of fiame, at a distance one behind the other, (by 
which their light might be brought to any required intensity,) would 
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cominDDicate to the heat of the resaltiug'comiiouud ray tlie penetrating 
character wbich distingnishes the solar calorific rays. We may also 
observe that the tranquillity of the suu's jiolar, as comitared with its 
equatorial regions, (if its spots be really atuiospberic,) cannot be ac- 
coanted for by its rotatioD on its axis only, but mmt arise from some 
cause externaJ to the sun, as we see the belts of Jupiter and Saturn, and 
oar trade-winds, arise from a cause external to these planets, combining 
itself with their rotation, wbich alone can produce no motions vhen 
once the form of equilibrium is attained. 

" The prismatic analysis of tbe solar beam exhibits in the spectrum a 
series of fixed lines, totally unlike those which belong to the light of 
any known terrestrial flame. This may, hereafter, lead us to a clearer 
JDsight into its origin."* 

Though science cannot prove directly that electrical currents travel 
through tbe planetary spaces, yet there exist not a few data which 
seem to indicate sufficiently that certain phenomena which take place 
in the sun and the planets depend on the distance and tbe position of 
tbe latter with respect to the son and with respect to themselves. 

Oitlileo, in one of his letters, says : " The fact that the spots of the 
son are on that belt of the solar globe which is nuder that part of the 
heavens through which the planets travel, and nowhere else, is an indi- 
cation that those planets may have something to do with that result.''t 
This suggestion of Galileo, that the phenomena of the solar spots may 
have some connection with the position of the planets, has remained 
oDHoticed for nearly two centuries and a half, until lately new facts 
have come to light which indicate its importance. 

In 18o9, Mr. Wolf undertook to investigate whether the phenomena 
of the solar spots varied with the distances of the planets from the sun, 
and be reached results which generally tend to prove that, with the 
change of those distances, and especially with those of Jupiter, the 
number of stdar spots also changes within certain limits. Mr. Carring- 
ton, ill his work on tbe solar spots, published in 1863, presented the 
results of a similar research, and having determined tbe number of solar 
spots observed every year from 1750 to 1860, be compared them with 
tbe distances of Jupiter from tbe snn, and concludes that according as 
Jnpiter mores away from the sun the number of solar spots increases, 
and when Jupiter approaches the sun the number of spots decreases. 

Professor Loomis has lately announced that tbe decennial period of 
the solar spots, instead of corresponding with tho distance of Jupiter 
alone, has a nearer and more regular correspondence with another 
period wbich can be found by comparing together the movements of 
Jupiter and of Saturn. These two planets, in lact, occupy in space 

* A remarkable predictioo, well worth7 of attentioa sa ao evidenco of tbe sagacity 
of tbis emioeDt savant to whom it is due.— J. H. 

tLetteiu seconda di Galilei aMaroo Yalaed; DDovaDieDte pnbblicat* d»I Prof. P. 
Tolpicelli. Boma, tipografia delle Belle Arti, 1660. 
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such positioDs that every ten years Jupiter is eitlier in conjunction or 
in opposition with Satnrn. Other relations seem to exist between the 
solar spots and the positions of the planets. Messrs. De La Ene, Stewart, 
and Loewy, in a series of essays, which they published together from 
1845 to 184S, concerning the physics of the san, have shown that the 
spots of this luminary (irreBpective of their number) increase in size 
when, by means of the solar rotation, they are carried farthest from the 
place which Venus occupies in space, and that they diminish in size 
when they aproach that planet. Mars also contribntes to the increase and 
decrease of the size of the solar spots in tbe same way that Venns does, 
but his influence is less powerful than that of Venus, perhaps on ac- 
count of his greater distance from the sun. Mercury seems tu possess 
somewhat of a similar influence, which, however, shows itself less dis- 
tinctly on account of the rapidity with which he moves round the son. 
The position as well as the size of the solar spots depends on the place 
occupied by tbe planets in space. When Jupiter and Venus, in their 
orbital motions, cross the plane of the solar equator, then tbe spots 
appear nearer the same equator ; and, on the contrary, when these two 
planets occupy positions distant from tbe sun's equator, then these spots 
also appear fartiiest from the same equator. 

From some observations made on the occasion of the solar eclipse, 
December 22, 1870, Professor Serpieri concludes that the protuberances 
which emerge from the sun during the eclipses are directed toward the 
planets. In feet, he observed one protuberance bending toward Saturn. 
Serpieri's coDclnsions seem confirmed by other observations made' by 
Professor Tacchini, who, on tbe 27th May, 1871, saw, while tbe sun was 
shining, one of those protuberances, which seemed directed toward a 
group of planets. Bat if the number, tbe position; and the size of the 
solar spots depend on the positions of the planets, terrestrial magnetism 
must be dependent on the same ; for it is established, with considerable 
certainty, that the phenomena of the variations and perturbations of 
all tbe magnetic elements are also connected with the solar spots. Con- 
sequently, (to resume the subject which more especially concerns us,) 
the auroras also may somewhat depend on the relative positions of the 
planets, and therefore they are subject to periodicity, and also advance 
from east to west in the way and for reasons already mentioned. 

[The remainder of the paper of Professor Donati is occupied with a 
defense of his claim to tbe foregoing hypothesis, which, being of no in- 
terest to the readers of this report, is omitted. It is proper, however, to 
remark that, in this translation, tbe expression electrical cnrrents has 
been substituted for the phrase niagtietic currents, used by the aothor. 
The reasons for this change are, because this is tbe term used by Sir 
John Herschel iu the quotation from his astronomy by Professor Donati, 
and furthermore becanse there is, strictly speaking, nothing in the phe- 
nomenon of magnetism to which we can apply tbe term current, or a traos- 
fei'ence of magnetism from one body to another, as is the case in tbe pbe- 
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nomenon of an electrical discharge. If we rigbtly anderstaDd it, the 
theory given in this essay by Profeasor Dooati is, that the sun aud the 
plaaets, includiag the earth, are electrical, and that electrical discbarges 
may take place from oue to tbe other. This hypothesis has the support 
or tbe fact tbat'the eartb is known to be a great charged conductor, per- 
manently electrified negatively, and that the intensity of this electrical 
condition is varied from time to time by perturbations produced by ter- 
restrial, and, possibly, by cosmical canses. There is another theory ad- 
vanced by the distingoisbed physicist Balfonr Stewart, professor of 
natnral philosophy iu Owen's College, Manchester, according to which 
tbe sun and planets, like the earth, are great magnetic bodies, with op- 
posite poles of greater intensity, subject to perturbations from cosmical 
or special cAnses, and that these poles, acting by indnction on tbe mag- 
RotisDi of the eartb, give rise to the movements of the magnetic needle, 
and to tbe induced electrical currents to which tbe appearance of the 
aurora is attributed. 

There is still another bypothesis proposed by M. Becqnerel as to tbe 
'Origin of the electricity of the atmosphere iind of tbe aarora polaris 
-whicb has been modified by M. Faye. This hypothesis, like that of 
fierschel, refers the electricity of our atmosphere to the son, and founds 
the conception of it on tbe constitution of that laminiu-y iis revealed by 
modem spectroscopic discoveries. From tbese discoveries tbe following 
conclusions have been detluced ; 

1st. The sun consists of a nucleus, relatively obscure, having a tem- 
perature excessively elevated, and which is in a fluid state at least to a 
certain deptb. 

2d. This nucleuSfOnacconntof the cooling by radiation, is surrounded 
by a terminated envelope which has the constitution of a gas with par- 
ticles floating in or disseminated through it, of a solid or liquid nature. 
These minute particles radiate energetically as do the particles of car- 
bon in the flame of burning gas, aud give to this envelope, which is 
called tbe photosphere, its name and its luminosity. 

3d. Above tbe pbotosphere is found the chromosphere, formed princi- 
pally of a thin layer of incandescent hydrogen. To this stratum appar- 
ently belong tbe pi-otnberances which of late years have excited so 
much interest. 

4th. Lastly, above the photosphere is foand a fourth atmosphere, 
discovered during tbe last solar eclipse, which has been named the cor- 
onal. This, which appears to be extremely rare, is very distinct from 
the chromosphere, although formed of tbe same gas, namely, hydrogen. 

The foregoing propositions are considered as fiictR immediately de- 
duced iVom the phenomena and well-established physical principles. 
Tlie hypothesis as to tbe origin of this condition is that tbe nucleus of 
the sun, as seen through tbe spots as a darker mass, is in reality much 
hotter than the photosphere — so hot, indeed, as to prevent the anion of 
tbe oxygen with tbe hydrogen and tbe vapor of other substances 
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whose presence is manifest by tbe spectroscope. That tbe spots them- 
uelves are craters of eruptions throagh which the dark gases issue into 
the cbromosphere, and being reduced in temperature combine, giving rise 
to intense light on account of the vibrations of the solid or liquid parti- 
cles prodnced by this anion. Tbe hydrogen, being the lightest of all tbe 
gases, will be driveQ farthest from the center of tbe sun by its expan- 
sion, and will appear, as it is seen to do, in the form of the protuber- 
ances, which are fonnd to consist of this gas in a pure but highly attenu- 
ated condition. Now, although neither evaporization nor condensation 
of vapor produces electricity, chemical action does in a bighdegreejaud, 
therefore, at every eruption of matter from the lower into the upper 
stratum of tbe sun, there must be a great development of positive 
electricity, the nucleus being negative. Whatever influence this elec- 
tricity may have on tbe electricity of the earth and tbe appearance of 
tbe aarora must be manifest at the time of tbe appe^snce of spots on 
the sun, and hence we have an hypothetical cause for the connection of 
two phenomena which have been established by Woolf and others. 

But the question occurs, how does the variable electrical condition of 
the sun affect that of the earth 1 Two answers may be given to this 
question : First, it may a^ct it by induction, or actiou, at a distanoe. 
The redundant electricity of the surface of the sun, acting by repulsion 
on the electricity of the earth, thus disturbs its equilibrium. But if 
tne nucleus of tbe sun is electrified minus to an equal degree as the 
outer spheres are electrified plus, tbe two resulting actions would neu- 
tralize each other, and the effect at the distance of tbe earth would be 
uothing. 

M. Faye gives another suggestion as to the means by which the elec- 
tricity of tbe sun affiects the electrical condition of tbe earth. He claims 
to have found a repulsive force in tbe sun, of which he considers the 
existence strikingly manifest in the gigantic phenomena of comets. 
This force, uulike that of attraction, is not proportional to. the mass but 
to the surface of the body repelled ; it is insensible in the case of dense 
bodies such as tbe planets, while it exerts very marked effects npon 
bodies which are greatly rariHed, such as the nebulosity of comets and the 
outer hydrogen of the sun. A small portion of this latter, according to 
M. Faye, at every eruption is driven off into space, carrying with it its 
charge of plus electricity, which extends to all tbe planets, and in unit- 
ing with the ozone in the higher regions of the atmosphere may be con- 
verted into tbe vapor of water, while tbe electric charge produces the 
electricity of the higher atmosphere of our earth. The quantity of hy- 
drogen thus lost by the sun is too minute to be sensible by any of our 
measurements during the historic period. There is one phenomenon 
connected with this subject which is not clearly explained by this hypo- 
thesis, and that is the apparent fact that the appearance of the aurora 
and tbe disturbance of the magnetic needle are almost, if not quite, sim- 
oltaneous with the commotions in tbe sun. This would indicate on in- 
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ductive action analogous to attraction iu theinstaDtaneoasuesnof its 
actioD at a distance. 

A similar bypotbesia has been proposed by Profeaaor Newton, of Yale 
College. According to tbis tbe corona is made ap of matter in tlie act 
of streaming off from tbe sun, instead of being a permanent solar at- 
mospbere, or a mass of revolving meteors. TUe explosive actions, wbicli 
are tbe most probable causes of tbe spots, may, perbaps, funiisb tbe 
Inminary matter, wbicb, dispersed at intervals by reason of the varying 
action of tbe planets as it Hows away into space, forms tbe corona, 
witb its accompanyiug radiatious and streamers, visible in the total 
eclipaea. The zodiacal light is also made of the streams of i>articles flow- 
ing away fVom tbe sun under the operation of solar repulsion. 

In the American Joamal of Science, (March and July, 1855,) Profes- 
sor Newton explains the irregnlar i>ertnrbation8 of the magnetic needle 
by electric currents developed id tbe upper atmospbete (or photosphere) 
of tbe earth by tbe arrival of tbe sol^ matter, which is probably the 
substance of terrestrial auroras. 

Whatever truth may be in these speculations, they indicate a tendeucy 
Id the scientific mind of tbe day to adopt the conclasiou that many of 
the pbenomena wbicb have heretofore been considered entirely of a ter- 
restrial character really belong to the solar system ; that not only are 
ilisturbauces of the magnetism of the eartb connected with commotions 
in the sun, but that cyclones and other violent movements of our atmos- 
phere have a similar relation to the central luminary. — J. H. 
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IHE TBOGLODTTEB, OB CAT ED WELL EB8, OF THE TALLBT OF THE T^EfeBS. 

By M. Paui. Bboca. 

An Addren delivered b^ore the fVencA AuoeiationJoT the Adcanceneut of Science. 

[Tnatlated from "L» Benu BclsaUBqnc," Norsmber 10, ISN, for Uw SmItlHoiuiui iDMltnUon.] 

Ladies and GENTLEMEif: Impressed by the splendor which sar- 
roaods me, and by the sight of this large aadieoce, I am impelled to 
render homage to the beauty and intelligence which have prepared so 
brilliant a reception for the French ABSOciation. The members of the 
society have reason to congratulate themselves upon having chosen 
Bordeaux for its first sesaiou. 

Our iustitation is one that appeals to general interest. Althongh U 
has originated entirely in private enterprise, it rests apoo bases which 
assure its continuance, and it cannot fail to survive the struggle which 
may be maintained for years against public indiO'erence. Yes, although 
ourd^bttt should be greeted with coldness and neglect, we would persevere, 
for we consider the diffusion of knowledge as an iroiwrtant element of 
the greatness of nations, and surely the necessity of this diffusion has 
been rendered palpable by the recent disasters which have shown the 
danger of extreme intellectual centralization. Convinced of the utility 
of our objects, nodismayed by obstacles, and undiscohraged by apparent 
defeat, we will renew our sessions year by year, increasing in nombers 
as we gradually enlist recruits, and assured that in a country like ours 
success, however long deferred, must sooner or later crown our efforts. 

For the success of the first session, which has far surpassed our hopes, 
thanks are due to my esteemed colaborers, MM. Broca and Girondin ; also, 
to the distinguished gentlemen of the local committee, especially Profes- 
sor Azani, the intelligent and indefatigable secretary. 

The subject of my discourse is the troglodytes, or cave-dwellers, of 
the Vez^re, that fossil population whose subterraneous dwellings we are 
about to investigate. 

Their existence dates back to a remote antiquity. We do not know 
their names; no historian has mentioned them, aud it is only eight 
years since the first traces of them were discovered, and yet in some re- 
s{>ects we are better acqoainted with them than with certain celebrated 
nations of classic renown. We know their mode of existence, their arts, 
their industries, many details of their lives. Does not such knowledge 
constitute the real history of nations, a history more interesting than 
that of their battles, their conquests, and even their dyoaBtiest 
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How does it happea that we know so mocb about people who Lave 
left DO trace in the memory of mau, aud wbose existenoe, even twenty 
years ago, was deemed impossible ! Are tbey children of romance, iibe 
the celebrated troglodytes of Montesque 1 On the contrary, nothing is 
more real than our troglodytes ; nothing is more authentic than theii- 
annals. In the caves they inhabited, or in which they deposited theii- 
dead, we find the residue of their feasts, the products of their Indnfl- 
tnes«aDd their arts, and the remains of their bodies. These are the 
books in which we read tbeir history ; these are the documents which 
have resuscitated their past. 

Several savans have taken part in these investigations; among them 
Christy, the Marqnia of Vibrage, M. Falconer, and our two colleagues, 
MM. Louis Lartet and EUe Mass^oat, deser%'e respect; but one name 
eclipses all others — that of the founder of human paleontology, Edward 
Jjartet. 

We with reason admire Cuvier, who, in his study of fossil bones, suc- 
ceeded ID restoring the successive fauna of the geological periods ; also 
Cfaampollion, who, with so much sagacity and patience, deciphered the 
hieroglyphical monaments of Egypt, but not less admirable in his im- 
portant labors was Edward Lartet. His field of investigation lay be- 
tween that of Ouvier and that of ChampoUion'and shared in both. Be 
revived human associatiODs in those paleoutological periods in which 
Cuvier found only extinct brnte animals; he discovered the history and 
the chronology of the aucieDt man, the contemporary of the mammoth, as 
Champollion discovered that of the architects of the great pyramids. 
These three men are the glory of French science. They were initiators ; 
they founded schools. Their disciples and followers have but widened 
the paths they openetl, and although foreign savans have made great 
progress, they do not forget that to France belongs the honor of having 
led the way. 

I. — Dbteemination of time. 

Before discussmg a population it may be well to assign it a place in 
time. Bnt in this case ordinary chronology is not applicable, for we 
have to do with periods of incalculable length. Since the time when 
our troglodytes were in existence great chaugcs have taken place in 
climate aud fauna. These were produced without revolution, without 
violent action, by the gradual influence of insensible canses, which are 
still in exercise at the present day; and when we think that these causes, 
during the course of the centuries known to us, have produced only 
changes almost inappreciable, we may form some idea of the immense 
duration of what is called a geological period. 

It is not by years, centuries, or thousands of years, that we can meas- 
nre these immense periods ; it is not by figures that we can express these 
dates; bnt we can determine the order in which these geological periods 
succeeded each other, and the sub-periods of which each was composed. 

Otitic 
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These are tbe Aates of tbe history of our planet, auA the elements of 
what Edward Lartet called the chronology of paleontology. 

I need not speak of the Primary and Secondary geological periods, as 
they are foreign to the chronology of man, since ho did not then exist ; 
nor need the Tertiary period scarcely more arrest our attention. It is 
true that the discoveries of M. Desnoyers in the Pliocene chalk-pits ol' 
Saint Frest, show tht' existence of man as earJy as the end of the Ter- 
tiary period in company with the southern elephant, the rhinqperos 
leptorhinus, and the great hippopotamus; he even lived, according to 
the Abb6 Bourgeois, during the Miocene period, contemporary with the 
mastodons, the predecessors of the elephants ; but the latt«r fact is 
doubtful ; and as to the Tertiary man of Saint Prest, he was so mocli 
anterior to onr troglodytes, that he need not figure in our chronology. 
It is sufficient in tbe determination of oar dates to commence with tlie 
beginning of tbe Quaternary period. 

The end of the Tertiary period was distingnished by a remarkable 
phenomenon, the causes of which are still imperfectly known. The 
northern hemisphere was gradually cooled. Immense masses of ice de- 
scended the si<les of the mountains, into the valleys and plains, and 
covered a large part of Europe, Asia, and Korth America, and the tempe- 
rature of onr zone, previously torrid, gradually became glacial. This 
cold period, called the Glacial period, was excessively long. After reach- 
ing tbeir utmost soutbem extent the glaciers receded considerably, and 
then advanced again without attaining their previous limits. This was 
the last phase of the Tertiary epoch. The Glacial period came to an end. 
The gradual increase of temperature melted the ice, and the Quater- 
nary period commenced. 

The masses of snow constituting the glaciers, which had been acca- 
mulating for years, produced, by tbeir melting, immense floods, which 
bore upon their powerful waves the debris of tbe mountains, inundated 
the plains, plowed the surface of the earth, excavated valleys, and 
left in their passage large deposits of sand, day, and bowldera From 
this period, called tbe Diluvian, date our present rivers, which give us, 
however, but a faint idea of their former magnitude. In their now limited 
and unchanging channels they transmit only the water which di'sceuds 
day by day from the clouds, while the freshets occasioned by the melt- 
ing of winter snows are of very little moment compared with those im- 
mense inundations formerly produced when the beat of sammer melted 
not only the annual snows, hut a part of the ancient glacier. 

The great power of the floods of water was especially remarkable dur- 
ing the first part of tbe (Jaaternary period. It became less and less 
until the glaciers were reduced to their present limits, and tbe tempera- 
ture to its present degree. It was at this time that the phenomena of 
great changes ceased, and the Quaternary period came to an end. Since 
then, although mountain torn-iits carry with them sand and pebbles, 
and sometimes tear from the sides of the valleys masses of considerable 
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size, the rivers aod smaller streams bear with tbem ouly fine particles 
of earthy matter, wbicli give rise to alluvial deposits. 

Tbe time which has elapsed since the end of the Quaternary period 
bears the name of the present period, aod the strata formed during its 
continuance are called recent deposits. Tbey are recent compared with 
those of the QuaterDary period, but not so when estimated by oar ordi- 
nary cbrouology, since in most cases their formation has required thou- 
sands of centuries. 

These preliminary ideas enable us to comprehend the essential facts 
which determine the dates of human paleontology. These dates are 
established, in the first place by pure geology, in the second by paleont- 
ology, in the third by prehistoric archseology. 

Tbe geological dates are principally inscribed in the valleys and in 
the plains, where the great floods of water of the Quaternary period 
have left deposits in the form of beds, more or less regularly stratified. 
If these strata have remained undisturbed, they are found superposed 
according to age. The oldest lie lowest, and are called the lowest levels; 
above them lie the mean levels, which are posterior to them, siud which 
in turn are covered by the upper levels, formed during the latter part ot 
the Quaternary period. Finally a stratum, more or less tbiek, of recent 
formation, consisting of alluvions, peat, &c., almost always covers the 
Quaternary deposits. 

These different strata are not everywhere found in complete series, 
and the nature of the elements of which tbey are composed varies more 
or less with the locality j but I cannot now enter into details. I can 
only give a general idea of the way in which, by the study of the aui»erpo- 
sition of these beds, that is to say, their stratification, the relative age of 
the various deposits, recent or Quaternary, is determined. 

In this determination we first apply to geology. Thanks to the data 
it furnishes, we know tbe age of the animals whose bones are found in 
the different strata ; these animals in turn serve to establish the periods, 
and also the dates of certain formations or partial deposits which do not 
form a part of a complete and regular stratification. 

Of the animals living at the commencement of the Quaternary period, 
some, tike the mammoth, only exist now as fossils; these are the extinct 
animals; others, like the fox, have disappeared from our locality, but still 
live in other parts of the world ; these are migrated animals ; and others, 
like^tfae horse, continue with us to the presentday; these are called per- 
sisting animals. 

Extinct animals abounded in tbe first part of the Quaternary period. 
Some of them were immense mammals with terribly jiowerful limbs, 
beside which man, naked and feeble, was of little account. Such were 
the large bear of the caves, ( Ursm apeUcus ;) the great lion, also of the 
caves, (Felig spelwus f) the amphibious hippopotamus, [Hip. ampkibius;) 
the rhinoceros, with chambered nostrils, {ii/t. tickorkiavs ;) the ancient ele- 
■phaat, JlEleplias antiquua;) and, above all, tbe giant king of this fauna, the - 
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mammoth, {JSlephat primigenius.) Of tbe other extinct speciea of the 
period it would be superfluoas to speak.' The reindeer and several other 
migrated aoimaU are fouDd ia this fauna, bat are rare, and a large nam- 
ber of persistent species had already made their appearance. 

Of ^li these animals, the most remarkable, tbe most povrerfol in strength 
and numbers, was the mammoth. Protected from the cold by a tbick 
covering of far, and provided with formidable means of defease against 
its enemies, it prospered and multiplied ; it spread and dominated over 
all the earth, so that the first part of the Quaternary period, which cor- 
responds with the lower levels of tbe valleys, may well be called the 
age of the mammoth. At that time every condition was favorable to 
the prosperity of this animal. But in time there were changes which 
led to its decadence. Au elevation in the temperature allowed the exten- 
sion of numerous herbivorous species hitherto restrained in their devel- 
opment. . Tbe reindeer, the horse, the ox, and tbe bison multiplied. These, 
his itowerful rivals, disputed with the mammoth his vegetable nutrition, 
and with him commenced the struggle for existence. Already be saw 
opposed to bim the power of man, which under the ameliorated condi- 
tions of climate was sufficient to declare war against bim, and finally 
tbis same climate which was so favorable to bis enemies and rivals became 
directly prejudicial to his organization, intended for a boreal tempei-a- 
ture. 

Tbus tbe mammoth, once so important in the first part of the Quater- 
nary period, commenced to decline. He ceased to be the predominant 
species of the fauna, and as to tbe other animals which formed his ancient 
cortege, mauy yielded with him to tbe destructive inHueace of tbe 
changed temperature, and decreasing in numbers we see tbem slowly, 
one after the other, disappear. 3ome, it is true, survive, and may pro- 
long tbeir existence to the end of paleontological time, bnt their reigu 
is over. 

Thus abont tbe middle of tbe Quaternary period there was au inter- 
mediate age, corresponding with the mean levels of the valleys ; an age 
when several species contemporary with the mammoth had already be- 
come extinct, and others, which had almost disappeared, were repre- 
sented by only a few individuals, while animals better adapted to tbe 
cbauged conditions prospered. Prominent among the latter was tbe 
TeioAeer, (Cervus tarandvs,) but it was not until tbe following perio<l that 
it attained its full importance. 

The fauna of the intermediate age has no especial paleontoiogical 
characteristics. It is distinguished less by tbe nature of tbe species 
than by the relative proportion of their representation. Certain ani- 
mals of tbe age of the mammoth no longer existed, but others were fouDd 
here and there. Tbe mammoth, although reduced in numbers, bad not 
yet become rare, while the reindeer, tbe stag, the horse, and the ox had 
become common. 

This intermediate age gradually yielded to tbe third and last age of 
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the Qnatornarj' period. When the strata of tbe upper levels began to 
be foTtned, the animals we call extinct had lUmost entirely disappeared. 
A few rare specimens of the mammoth still survived. - Still more rare 
was the great Irish stag lMega4Xro8 htbemicus) and the largo lion of 
the caves. The rest of tbe fauna had changed bnt little. The reindeer, 
bowever, had increased to a moat extraordinary extent, and the third 
period is deservedly called the age of the reindeer. 

It is not only in the existence of the reindeer that this period differs 
from that of onr day. In company with the reindeer lived in our still 
cold region a number of animals to whom frost and snow wore congenial 
elements, and who conid cot exist in temperate climates. As tbe tem- 
perature approached its present condition, the individuals which upon 
our plateaus and in our plains represented these species disappeared ; 
bat the species themselves, far from perishing, found iu a colder climate 
a more congeaial temperature, and have been [lerpetuated to the present 
day. Among these species called migratory, some, like the reindeer, the 
sloth, the musk-ox, have gone toward the north ; others, such as the 
chamois, the goat, the marmot, have not left our zone, but have sought 
greater attitudes, and have taken refuge in the lofty peaks of the Alps 
and the Pyrenees. 

The disappearance of the reindeer and other migratory species 
marked the end of tbe Quaternary period, and of paleontological time. 
Then commenced the modern period. Our climate, at that time, was 
probiibly rather colder than at present, but it was already temperate, 
and the slight changes it has since undergone have not beeo sufficient 
to produce the extinction of species. It is true that tbe urua, (Bos 
primigcnitts,) and the aurochs, (Bison europaua,) have disappeared 
from our region, but this mast be attributed te the destructive action 
of man rather than to the effects of climate; and to man, also, is 
attributable tbe introduction of certain new species, for the most part 
domestic. With these exceptions, we may say that since the end of the 
Quaternary period our fauna has undergone no change, aud that the 
recent deposits contain only actual or living species. 

The dates we seek to establish are then determined both by strat- 
ography and paleontology. Tbey also rest upon a certain order of 
facts which to-day constitutes a new science — that of prehistoric nrchse- 
ology. 

Man lived in all tbe periods of which we have jast spoken. It does 
not concern us whether or not he existed in the latter part of the Ter- 
tiary period. This Tertiary man ddes not come within the limits of our 
present observations, aud, besides, it is by no means certain that he 
erjsted. But what does <toncern us, and has been positively proved by 
Boucher de Perthes, is, that the most ancient strata of the Quaternary 
period contain evidences of hnman industry. The knowledge of the 
use of metals dates, we may say, only from yesterday. But before man 
possessed these powerful auxiliaries he was not witbont instruments of 



316 THE TROGLODYTES. 

labor or means of defenae. He fabricated tools and weapons of war- 
fare, out of various hard mat«risl8, Bncb as tbe bones, teetb, and boms 
of animals, and above all of stone, especially flint, and tbis is tbe rea«on 
wby in the history of man tbe name of 8to7ie age has been given to tbe 
vhole period which preceded the use of metals. 

This age of stoue still continues among certain savage tribes, and it 
came to an end with the most anciently civilized nations at a period 
only a very little anterior to bistoric times. It therefore includes almost 
the entire duration of tbe existence of bumanity. Now, the mode of 
fabrication, the form and nature of these instrnments, necessarily varied 
during this immense period, with the needs, the kind of life, and the so- 
cial state of tbe men who employed tbem ; and when we remember that 
bard substances like stones may be preserved for an nulimited period in 
the ground, we comprehend that these remains of human industry con- 
stitute ineffaceable records of tbe past, cbronological documents of tbe 
utmost importance. 

The dat«s established by prehistoric arcbieology accord very well, and 
sometimes coincide, in a most remarkable manner, with those of paleon 
tology and stratograpby. Just as certain species of animals have con- 
tinued from the earliest Quaternary times, so certain forms of fliut iostm- 
ments have been perpetuated through several arcbieologieal ages. Sacli 
are tbe elongated pieces of stone, with their two edges sharpened, and 
one face cut with two sides, while tbe other has but one, called knives. 
The small knives of obsidian, still in use among tbe aborigines of Mex- 
ico, and the flint knives, which our ancestors of tbe Bronze age frequently 
deposited in their sepnlcbers, are very similar to those of the age of tbe 
mammoth, Bnt tbis is an exceptional case ; in general, prehistoric in- 
struments have from ago to age undergone various modifications. 

I cannot attempt here to mention, still less to describe, tbe numerous 
instrnments of each period ; ases, knives, points of lances, or of arrows, 
scrapers, hammers, &c. Cieologists frequently, as we have seen, deter- 
mine and designate an entire fauna by a single characteristic species. 
So arcbteotogists distinguish tbe different periods of the Stone age by 
tbe instrument the most characteristic of each of them. 

A precise determination of these periods and of their nnmber is not 
possible ; for tbe flint instruments have, during tbe same period, under- 
gonediffereut changes in different localities, but a general reduction into 
three has been made by M. de MortiUet of tbe arcbieologieal divisions of 
tbe Quaternary period. 

1. The most remarkable type of the first Quaternary division is tbe 
aocoXled Saint Acheul ax. (See Figs, land 2.) It is of flint, of variable 
size, always qnite large, longer than wide, thick in the middle, sharp- 
ened at tbe edges, with one endiKiintedfOr rather orgival, while the other 
is rounded; but its most distinguishing characteristic is that its two 
faces or sides are shaped ; these are more or less convex, and more or 
less symmetrical. This type abounds at Saiut Acheal, near Amiens, in 
tbe valley of the Somme ; hence its name ; but it is foaud in almost all 
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the deposits of tbe Mammoth age, and sometimes, though rarely, in less 
aaciettt strata. 



Fig. 2. Fig. 1. 

The Saint Acbeal type. — Ax witli both faces abuped. Fig. 1, view of face. Fig. 9, 
view of edge. 

2. The second division of the Stone age is characterized by the Moustier 
spear-head. (See Figs. 3, 4, and 5.) This instrument, which was at- 
tached to the end of a long lance, differs little in contour from tbe Saint 
Acheul ax — is somewhat more pointed, hut is distinguished by having 
only one of its sides shaped. The other was made at one blow which 
split it from the adjacent stone, and was never retouched. It is there- 
fore not biconvex, like the preceding, but plano-convex, and conse- 
quently only half as thick. 



Fig. 4. Fig. .S. Fig. 3. 

The HonittieT type.— Lance-head shaped only npon one aide. Pfg. 3, the ud« not 
■bapei), Bhonlng at the base the point of percowioa. Fig. i, the abuped side. Fig. 6, 
tide view. 
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The MouHtier type takes its name from the Moostier cave, where it is 
very commoD and where it was first discovered by Edward Lartet and 
Christy. A few speciuieDS have been foand ia more ancient deposita, 
corresponding with the first Quaternary period, and also in more recent 
deposits corresponding with the latest; but it properly belongs to the 
intermediate. 

3. In a third period, which corresitonds to the age of the reindeer, the 
Sint ioBtrument was perfected. The ends are more pointed, the cootonr 
more regular and symmetrical, and the edges have evidently been formed 
with finer tonohea. This period of the stone age is distingnished more 
by the character of the manufacture than by tbe kind of instmmeiit. 
The lance-head of 8olntr6 has been generally taken as a type, becanae 
only a short time ago the lances irom Solatr^, in Mflconnais, were tbe 
best made instraments which had been found in the Qnaternary depos- 
its, (see Fig. 6 ;} but since then Dr. Jules Parrot, and bis brother, Af. 
Philippe Parrot, have found at Saint Martin of Excideuil, (Dordogne,) 
in a cave of the age of tbe reindeer, nnmerons flint iBstruments much 
more perfected. 

Pig. 7. 
Fig. 6. 



The SolutT€ typo.^Foial of SolaM laace. The iralisbed ax. 

We have now come to the end of the age of the reindeer, and to the 
commencement of the present period. We now find an improvement in 
the mnnufacture of flint inatmments, which marks the beginning of a 
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new archEBologic&l era- Hitherto these iDBtrument^ were made by per- 
cnseion or by pressure; although, it is true, some implements of sec- 
onijary use were rounded into shape by friction, but the flint tools and 
weapons were alw»ys chipped. In tbe era upon wbich we are now eo- 
tering these implements were made in tbe same way, but the flint was 
polished, and tbe polished ax, too well known to need description, be- 
came tbepriucipal auxiliary of man. (See Fig. 7.) 

This ax characterized the period of polished stone or the neolithic 
period which terminated the stone age, and consequently lasted until 
tbe introduction of the metals. 

All the periods whicb precede tbe appearance of tbe polisbed ax cod- 
stitnte the period of stone, also called the arcb^eolithic, or, rather, tbe 
paleolithic period. 

The various phases of tbe age of chipped stone succeeded each other 
progressively, and by almost insensible transitious, like tbe correspond- 
ing geological periods ; but the change to the period of polished stone 
was much more abrupt. Its commencement coincides exactly with the 
disappearance of the reindeer, that is with tbe end of pateontological 
time, and with the beginning of the present geological era. It coin- 
cides also with a complete change ia tbe social condition of man, with 
the domestication of tbe dog, with tbe adoption of pastoral life, marked 
by tbe domestication of several herbivorous animals, and also with the 
introduction of agriculture. Thus many centuries passed until tbe 
appearance of the bronze, whicb put an end to the stone age. Tbe 
length of the period of polished stone was very great; tbe entire dura- 
tion of historic time was nothing in comparison, and yet it was immeas- 
urably shorter than any of those wbich form tbe age of chipped stone. 

We have thus examined the succession of prw-bistoric ages from the 
commencement of the Quaternary period, under the triple point of view 
of stratigraphy, paleontology, and archaeology, and we have obtained 
three series of dates whicb, if not altogether precise, are sufficiently 
approximate to form tbe following table, which may serve as a review : 
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II. — SDCOKSSIVE LOCAJJTrES OF THE TROGLODYTES OF THE Y&- 
ZtiKE. 

We now possess tbe knowledge requisite to assign a place in time . 
to the troglodytes of the valley of the V^zfere. In their numerous 
localities not a single polished ax has been found; their industrial im- 
plements belong to the Age of chipped stone, and are, therefore, anterior 
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to tbe recent period. Tliey were familiar witb the mammoth, fought 
with him, fed upoa him, and eveo sketched him, and yeC io their most 
ancient locality, at least the most ancient known, the extinct species are 
rare. Therefore, oar troglodytes do not date ftt>m the first Quaternary 
period, or the age of the mammoth. The Monstier locality iacontesta- 
biy belongs to the age we have called iat«rtnediate, and which precedes 
tbe age of tbe reindeer, while their other localities descend from i>eriod 
to period until tbe end of tbe age of the reindeer. They witnessed then 
the extinction of tbe ancient fauna. They did not, it is true, see disap- 
pear the last survivor — tbe mammoth — for occasional remains of thii 
animal are found in tbe most recent caves of tbe V^z^re, although a few 
leagues from there, at Excideuil, MM. Jules and Philippe Parrot discov- 
ered a paleolithic cave in which there was no trace of the extinct spe- 
cies, and even the reindeer was rare. 

Thus the troglodytes of P^rigord existed during the last two divisions 
of tbe Quaternary period, from tbe decadence of tbe mammoth to tbe 
disappearance of tbe reindeer. It is impossible to calculate tbe number 
of centuries they lived, but we can form some idea from the relation of 
their localities to the present level of the Vfizere. 

After tbe Monstier cave ceased to be inhabited it was freqaeutly 
inundated by the V^z^re, and gradually filled with alluvium. This 
stratum of earth, which is about 6} feet iu thickness, coutaius no 
osseons or siliceous remains. Below it lies tbe stratum wtiich formed 
the habitatioD of man, in which be left traces of hia industry and re- 
mains of his feasts. This proves that tbe opening of the cave was once 
beyond the reach of the waters, and consequently above the level of 
the river, while now it is 30 yards below low-water mark. The bottom 
of the valley has, therefore, been considerably elevated by det>ositioD 
since the time of the troglodytes of Monstier. 

On the other hand, the Madelaine locality, which Is pevhaps the most 
recent of tbe valley, is a little above the level of the highest present 
tide, and we may therefore conclude that the valley at that period was 
very much the same as it is now, the level having become only a little 
lower. 

Thus this deposit of 80 yards, due to the action of the waters, was 
effected almost entirely under the eyes of our troglodytes, and since 
then, throughout the entire duration of the recent period, that is to say, 
for thousands of centuries, little change appears. Judge, then, what 
countless generations of humanity must have intervened between the 
time of the Moustier locality and that of the Madelaine. 

It is evident that, in this immense lapse of time, the habits and manu- 
factures of these people must have undergone great changes, which we 
find to have been the case in examining their different localities. 

All the localities now kuowo are found in a verj- circumscribed 
district, grouped on both sides of the river V^zfere. From that of 
Monstier, the highest up the river, to the Eyzies, the lowest, thedistance 
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ia ouly abont 5 miles in a stxaight line, but almoat double as far if the 
sioiiosities of the valley are followed. Between these extreme stations 
lie, upon the right shore, those of the Madelaine, of Upper and Lower 
Langerie, of the Gorge d'Enfer ; on the left shore that of Cromagnon, 
very near the Eyzies. (See map.) 




Figures. — Unp of qnateruaiy locftlitiea of the V^z^ie. 1. Cave of Honetier. 2. H<d- 
lowrockof Uonatier. 3. Hollow rock of Madelaioe. 4. Sepulcberof CromagDOD. 5. 
Hollow rock of Upper Langerie. 6. Hollow rock of Lower Langerie. 7. Cave of 
Gorge d'Eofbr. 8. Cave of the EjEies. 

Some of these are genuine caves} others merely hollows in the rocks, 
largely open to the valley. At the Monstier there is both a cave and a 
bollow. Tbe Gorge d'Enfer and tbe Eyziea are caves; the Madelaine, 
the two Laugerie, and Cromagnon are hollows, but these distinctions 
have no chronological importance. The most ancient troglodytes, as 
well as tbe more recent, used both the cave and the hollow ; it is not 
from the kind of habitation tbey occupied, but from tbe nature of their 
remains, that we jndge of their relative age. 
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The Moostier locality evidently preceded all the others ; that of Cro- 
maguoD is le&H ancient, hut still belongs, with the Moustier, to the iuter- 
inediate age. The Upper Laugerie and Gorge d'Enfer are of the age 
of the reindeer; aod, lastly, the Lower Laugerie, the Eyzies, aud the 
Madelaioe form a group which leads as to the end of the Quaternary 
period. 

The troglodytes of the Moostier were completely uncivilized. They 
formed neither bone nor horn, but only stoue implements. Tools of 
chipped flint abound in their various localities, but with the exception 
of a single arrow-head, which is carefully fashioned, these are of rude 
mauafactare. No delicate objects ; no small instruuieDts ; a few rare 
axes of the Saint Acheul type ; a few thiu pieces of stone, which may 
have been used for Imives, and a large Dumber of massive hatchets, with 
a single convex edge, to be held in the hand ; such were the only im- 
plements of domestic use ; all their other instruments were for warfare. 
A few arrow-heads prove that they were not ignorant of the use of the 
bow ; but this was not their ordinary weapon. The true means of dO' 
feuse which characterized this period was the lance, or spear, already 
described. (See Figs. 3, i, and 5.) This sturdy inatrumeut, with ogi- 
val point, and both sides shaped, large enough to make severe woands, 
yet small enough to penetrate the flesh easily, constituted a much more 
terrible weapon than the Saint Acheul as. Fastened at the end of a 
spear it brought death to the largest mammal. Hitherto man, badly 
armed, could not compete with those powerful animals. He maintained 
with them merely a defensive warfiire. But now he took the offensive. 
He ceased to fear tbem ; their gigantic forms were no louger beyond his 
reach. With his long lance in his hand he assayed the conquest of the 
world, 

At Moostier remains of the mammoth, of the great lion, and of the 
great hyena of the caves have been found ; bat the principal food of 
man at this period was first the horse, then the urus, aud only third in 
importance the reindeer. The instmrneuts of the chase were made 
tor attacking game which would resist rather than take flight, and the 
arrow and other instruments for the killing of smaller quadrupeds or 
birds were probably unknown. Not a single bone of a bird or of a fish 
is found in the Moostier locality. These rode hunters cared only for 
violent combats, to which they devoted their entire energy aud intelli- 
gence. 

The men of Gromagnon, less ancient than those of Moustier, made notice- 
able progress ; their tools were less massive, more nomerous, more varied, 
aud, above all, better made. The Moustier lance was superseded by a 
species of flint poignard. They wore ornaments of shells, and the lai^ 
number of scraping-knives seems to indicate that they prepared skins 
for clothing. Their principal food was still the horse, bat their larder 
WHS already varied. We find among the remains of their repasts, beside 
the reindeer, then commencing to be common, the bones and t«eth of 
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the urua, the boar, the stag, the goat, the wolf, the fox, the hare, aod 
even of a bird of tlie crane species. Man bnut«d then the smaller aoi- 
mal«, as well as large giime, bat he had not yet learned how to reach 
the fi^h. 

Prominent among the animal remains we always find the mammoth 
and the great lion of the caves. There is also a great bear, probably 
the Ursvs spehnta. The reindeer had not yet begnn to multiply, and 
appeurs less treqnently than tbe horse; so the period is still intermediate, 
while, in the localities we next notice, we enter definitely the age of tbe 
reindeer, and the remains of this animal are more abundant in them 
alone than in all the other periods taken together. 

We oltserved at Cromagnon evident improvement in the mannfactnre 
of fint instruments; in the generations which followed farther prog- 
ress was made in this art, which attained its greatest perfection at 
Upper Langerie. The most beaatifal flint implements of the valley of 
the V^ztre belong to this locality. All the industrial instraments and 
weapons found here are of flint. They are innamerable, and very varied 
in form and dimension. It is true, many are in no way remarkable ; 
some are even very mde in constraction , sncb as certain lance or spear 
beads, which resemble the Monstier. But side by side with these im- 
perfect objects we find others of elegant form and elaborated contonr, 
evidently tbe result of skillfnl workmanship. 

These beautiful flint instraments of Upper Langerie belong to the type 
called Solatr^. Their form is sharply lanceolate; they have little thick- 
ness, and their sides, chipped into fine edges, are regular and symmetri- 
cal ; their base is often fashioned so as to be easily inserted in a bandle. 
They were evidently intended to be attached to the extremity of a long 
wooden bandle. Their dimension varies greatly, but whether large, of 
medium size, or small, they are all very nearly of the same type. It is 
evident that the smallest are the heads of arrows ; the medinm size, of 
darts, thrown with the hand. The largest were lance-heads, but their 
want of breadth shows that the handle was not heavy, but quite light. 

For combating the mammoth or great lion weapons sncb as these 
could not compare with the Monstier spear. But these dangerous ani- 
mals bad become rare. The brute creation no longer resisted man, but 
fled at bis approach. Arms which were light and easily portable were 
necessary. If the reindeer avoided tbe lance he might be pierced by tbe 
dart; but, if too fleet for the dart, he conld not escape the swift arrow. 
But the arrow and the dart failed of tbeir end ; they were too rudely 
constructed. The slightest irregularity or want of symmetry in form, ■ 
a single point too heavy, caused them to deviate &om their course 
This tbe men of Upper Langerie understood, and they improved the 
working of fiint in order to perfect their armory. They were guided by 
no artistic sensibility. Art was still a stranger to them ; they had as 
yet only made acquaintance with utility. They gave a more elegant 
form to their arrow-head, only that it might fly with greater precision. 
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Tbey did not take time to form their otlier implemeats with the same 
care. 

These fluely-formed arrow-heads, bo common at Upper Langerie, are 
not met with io the ulterior localities of the V^z&re Valley. It would 
seem that the maunfacture of fliiit inatrameats, after improving udUI 
the age of Upper Laugerie, then declined. It is astonishing that a people 
so ekillfol as the troglodytes of the age of the reindeer have proved them- 
selves to be, should thus have allowed to perish their fundamental art. 
But several instruments found in their more recent localities show that 
they had not lost the secrets of this delicate workmanship, and if they 
ceased to form arrow-points like those of Upper Laugerie, it was becanse 
they no longer needed them. 

A great step had been taken. They had learned to make ase of the 
antlers of the reindeer and the bones of animals. Out of these sub- 
stances, more manageable than flint, not so hard undoubtedly, bat still 
sufficiently strong, they mannfactnred implements for the chase of 
longer reach and greater precision ; and having learned the value of 
bom and bone in the construction of such implements, tbey proceeded 
to form ntenfuls of all kinds out of the same materials. 

But the reign of dint was not over. On the contrary, there never had 
been a greater or more varied assortment of flint instruments; to those 
used as weapons, or utensils, had been added a number of small tools, 
used for working the horna of the reind(>er. 

Here was an important evolution iu industry. Hitherto the hand 
alone had been used in forming the manufactured substance, but now a 
secondary means was employed. Tools were made to nse in constracting 
others. From the earliest times it is trne that flint had been used as a 
means of manufacture. From the commencement of the Stone age it 
had been employed to cut wood, make piles, clubs, stems of lances, and 
arrows. Nor was the idea of substituting tbe bard parts of animals for 
atone any newer, for, in the ancient station of Cromagnon, several arrow- 
points of deer-horn, and even of ivory, have been found. What was pe- 
culiar to the period we are entering upon, was the creation of a kind of 
tool, which did not directly minister to tbe necessities of life, bat was 
intended to facilitate and perfect the fabrication of the instruments in 
nse. It was the commencement of that division of labor which later 
increased a hundred fold tbe power of man, and brought nature under 
his subjection. 

The nse of deer-bom was far advanced in the locality of Gorge D'En- 
•fer. We find there a large assortment of lances, darts, arrows, bod- 
kias, needles, &c., very well made, bat without ornament, and the weap- 
ons for tbe chase are of very simple tbrm, merely conical points, without 
barba (See Fig. 9.) 

The invention of tbe barbs is worthy of attention. These recurrent 
points undoubtedly rendered the weapon more dangerous. The pro- 
jectile remained fixed in the flesh, and the wounded animal could not 
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get rid of it bj- brashing tbrongh the bnshes. Bat this was probably 
not tbe priDcipal intentioD of the barbs. DispoBed in regular series on 
each side of the arrow (see Fig. 10) they snstained it in tbe air like 






Fig. 10. — Arrow witb 



Hg. 10. Fig. 11. Fig. 9. 

ngare 9. — Horn point without barbs, (Gorge d'Enfer.) 
bilateral barbs. Fig. 11. — Harpoon with unilateral barbs. 

wings, and added to tbe extent and precision of its flight tb is' improve- 
ment indicates a ceri;ain acquaintance witb experimental physics. The 
barbs generally have upon one of their faces one or several furrows, sop- 
posed to be intended to receive poison. 

The barb, and more or less artistic ornamentation, are the two distiu- 
gnishing characteristics of the localities of the last period. These are 
three in number: the Eyzies, Lower Laugerie, and the Madelaine. . 
They strongly resemble each other, and were probably almost contem- 
porary. In some respects art is in a higher state of peri'ection at the 
Madelaine, bat the difference is not sufKcient to establish a chronologi- 
cal distinction. These three localities, remarkable for the namber and 
variety of works of art and industry, have famished tbe largest part of 
tbe means we now have of studying the life and habits of the troglo- 
dytes of the V^z^re. 

III. — ^The society of the teoglodytes. 

Tbe caves of the troglodytes were situated at a short distance &om 

the river, witb no particular orientattoa, except that they were never 
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opeu to tbe nortU. Id tbem these people lived throaghont the jear, as 
we discover by tbe remains of their repasts. We find that the yoaDg of 
the deer formed their food at each stage of its developmeut, and by tbe 
study of tbe teeth, tbe boues, and the growth of tbe horn, we can esti- 
mat« their age, and, consequently, at what seaaon of the year tbey were 
killed. We conclude, therefore, that tbe troglodytes bad a fixed place 
of abode; in other words, tbat tbey were not nomada. 

Wben they started on their fishing or hunting expeditions, they closed 
tbe mouths of tbeir caves to prevent tbe incnrsion of carnivorous ani- 
mals. A bone found at the Madelaiue shows tbe marks of tbe teeth of 
a hyena, which, probably by accident, bad gained admittance. The 
hyena was rare at this period, but wolves and foxes were numerous, and 
if the boues, scattered freely over the floors of tbe caves, were undis- 
turbed by them, it was because tbey were carefully excluded. 

By what means was the entrance to these habitations guarded 1 In 
other localities we find sepulchral caves closed by a slab of stone. This 
answered very welt for the dead, but tbe living required a door more 
easily removed, and as no vestige remains in these caves of a defense of 
stone, we.conclude tbat palisades were used for tliis purpose. 

They lived by hunting and fishing. Did they add to tbeir r^ime any 
vegetable nutrimentt Thereisnoproof of this. We find, it is true, in tbe 
three localities of the last period, a certain number of stones of granite, 
saudstoue, or quartz, rounded and polished by friction, with a regular 
cup-shaped depression on one side, which resemble small mortars. It 
has been suggested that these were intended to receive the end of a 
piece of dry wood, which was then turned rapidly with the hands, in 
•rder to produce fire — a celebrated custom of the ancient Aryans, and 
still observed among savages ; but these vessels are too shallow in pro- 
portion to their width for this purpose. Tbey were evidently mortars, 
and certain rounded stones of the size of the cup seem to have beeu 
used as pestles. Hence has arisen the supposition that tbe troglodytes 
pounded or bruised grain to prepare it for food, but everything tends to 
prove that they knew nothing of agriculture, and these mort^trs were 
probably intended for tbe preparation of poisons or colors. 

Their principal occupation and means of support was tbe chase. They 
hunted animals of every size, from the little bird to tbe huge mammoth. 
This old giaut of Quaternary times still survived, although be had be- 
come very rare. For a long time it was supposed that be became estinct 
abont the middle of the Quaternary period, and when several teeth of 
the auimal, and various pieces of carved ivory were found in tbe more 
recent troglodytic locaUties of the Vfizfere, it was thought by many per- 
sons that these remains belonged to an anterior epoch ; tbat long after 
the extinction of the mammoth, man collected and used the fossil ivory, 
as is done to-day by the people of Siberia. In tbat polar region the 
summer heat affects only a superficial stratum of the ground; tbe lower 
eoil has been fh>zen for centuries, and has preserved tbe bodies of mam- 
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moths entire, so perfectly that their flesh ia still good to eat, or rather 
vcrjbad. One of my friends has tasted it, and fonnd it tongb as leather. 
Owing to these favorable circamstancea the ivory of Siberia is in such a 



condition that it can be employed in the arts and in industry, but ordi- 
nary fossil ivory is only of value in the museno). The ulteraations of 
temperature and humidity to which it has been subjected have altered 
its texture — veined and softened it so that it is of no practical use what- 
ever. 
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Sow the climate of the Y^z^re, at tbe age of the reindeer, altbongti 
still cold, had loug ceased to be glacial, and if tbe men of the period had 
dag into the soil, which they did not, tJie fossil ivory they foand woold 
have been of no ase. The ntammoths, then, whoae ivory they carved, 
muat have been their contemporaries. We have besides a decisive proof 
of this. Here is a cast (see Fig. 12) of an ivory plate discovered in 1861 
at the Madelaine by MM. Ed. Lart«t,deyemeail,aDd Falconer. Upon 
this plate is engraved a represeatation of the mammoth, with his large 
head, concave forehead, his curved tuska, his small eye, his trunk, bis 
curled-ap tail, and his long mane; in &ct, exactly sach a mammoUi as 
perpetual fh>st has preserved, nntil our day, on the shore of the Lena. 

The troglodytes of the age of the reindeer did not often encounter 
the mammoth. They more freqaently bunted the boar, the horse, the 
OS. It was undoubtedly for combat with these large animals that they 
still retained some large lances armed with Sint, differing little from 
those of Monstier. But their weapons were mostly light, and arrow- 
heads of born had replaced the flint points of tbe anterior periods. 

Tbe bow bad become tbe principal weapon. Tbe animal, as we have 
said, no longer defied man, but fled before bim, and the combat was 
succeeded by tbe chase. There were two kinds of arrows. Tbe small- 
pointed arrow, not barbed, for tbe smaller animals and birds, and tbe 
large arrow, with double rows of barbs, which was chiefly nsed in killing 
the reindeer. Light lances terminated with flattened points, darts with 
conical points, and long and sharp poignards, completed tbe eqoipmeut 
of the huntsman. 

I was about to forget the rallying whistle. This was a bone of the 
reindeer, at one end pierced by an oblique hole, which did not pass 
entirely through the bone, but only to the medullary canal. By blow- 
ing upon this bole as upon a hollow key, sound can still be prodaced. 

Fish furnished a means of support for our later troglodytes, unknown 
to their predecessors. Their varions localities contain a great many 
bones, and, what is worthy of remark, they all belong to the fishes of tbe 
salmon species. Now, the salmon of the present day does not come ap 
as high as the V^zire, nor even to that part of the Dordogne into which 
that river empties. A few leagues ibelow the confluence of the two 
streams, not far from Lalinde, there exists in tbe bed of the Dordogne a 
bank of rocks, which in high water forms a rapid, and at low water a 
regular cascade, called tbe Sawt de la Oratusae. This Is tbe present limit 
of the salmon, and as, in the days of the troglodytes, they did not stop 
here, we must conclnde that tbe level of tbe Dordogne since then has 
lowered, either by the wearing down of tbe bed of the river, which uncov- 
ered tbe rocks, or by loss of a portion of the waters. 

These antique fishermen evidently did not use nets, fbr with nets all 
kiuda of fish are taken. Their sole instrument was the harpoon, with 
which they could only catcb tbe large fish, and among these they chose 
the one whose flesh they preferred. Had they boats for flshing f There 
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is DO evidence of it ; besides the rivo: was tben aafflcienUy sarrow to * 
allow the nee of the harpoon fh>m its baoks. 

The harpoon was a small dart of reindeer born, very 
like the large barbed arrows, except that the barbs were 
only on one side ; a slight protaberance at the base allowed 
a cord to be attached, which was held in the hand of the 
fisherman. (See Fig. 11.) It haa been ft«queutly, and is 
still, confounded with the arrow. It is clear that an ar- 
row barbed only on one side would be very defective in 
f flight, as it describes a long curve ; its course is necessa- 
j rily affected by the resistance of the air which snatains it; 
"3 but in the short flight of the harpoon this inconvenienoe 
jt is much less, and besides the direction of the harpoon is 
J downward, and it does not need to be sustained by the 
% sir. llie instrument barbed only on one side is then not 
"in a ^° arrow, and most be a harpoon. The use of its barbs 
ti a ■ J was to catch and retain the fish after it was struck, bat 
"a ti ^ s why were they all npon one side f To diminish the width 
b^ il I ° of the dart so that it might penetrate more readily T I 
[' J cannot say.* 
^^ « After hunting and flahing the troglodytes resorted to 
I the caves for their meals. They carried with them ( 



! tire the carcasses of the reindeer, and the smaller a 



mals 



i 



I they had killed, but the larger animals, such as the horse 
L and the ox, were too heavy for transportation ; they 
I were cut up where they fell, and only the bead and limbs 
were taken. This accounts for the fact that no bones 
of the body of the large mammifers are found among the 
residue of these feasts, while the skeletons of the reindeer 
and of the smaller animals are complete. 

Throughout all these caves, wherever these broken 
bones are found, there is always a large amount of char- 
coal ; and this association is so general, so uniform, that 

* Ods of m; colleagaaa of the Frenoti AasooiatioD, M. Lecoq, of Boiebeandron, In a 
commanicBtioQ before the autluopological section, maVes aome veiy iateresting re- 
marks Qpon the mode of action of the unilateral barbs of the harpoon. While poBaing 
tbroagh tbe air these baibs do not canse the harpoon to deTiate peroeptibl;, but aa 
aoon as it enters tbe watei tbe nneqnal leeriBtance it encomiteTs mnst neceesarily change 
Its direction. It voold seem, then, that the flBhenDan who aimed straight for tbe fish 
would inias it. Now, it is well known that a straight stick appears to be broken when 
plnnged obliquely la water ; in like manner, in conseqneoce of the refraction of the 
InmiaonBraya.the image of the fish is displaced, and if direct aim was taken at this 
Image it would alao he missed. Here are, then, two causes of error. Now, it is evident 
that if thej can be brought to act in opposite directions they will counteract each 
other, and M. Lecoq shows that when tbe barbed side is turned ap tbe harpoon will reach 
its destination. This arrangement of the harpoon was then intended to rectify its 
coarse, which indicates great sagacity of observation in oar troglodytes. 

The inhabitants of Terre-ie-Fta still use a harpoon barbed on one side only. (See 
E«.13.) 
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it is difQcult to believe that tbe flres which were lighted, not only 
every day, but at every seaaonof tbe year, were only forwarmtb. It is 
mncb more probable that they were used by the troglodytes for cooking 
their food. 

We do not know how they produced the fire; whether by striking flint, 
or beating wood by friction. Nor do we know anything about tbeir 
arraugeueots for cooking. Tbey had no pottery, and could not boil 
ttieirmeat; neitberdidthey roast it, for only occasionally calcined bones 
ai-e found, and Cbcse are calcined evidently by accident. It is possible 
that tbey used wooden vessels, in which the water was brought to the 
boiliug-[)oint by tbe immeraion of red-hot pebbles, bat it seems to me 
much more probable that tbe food was cooked ander the ashes, as is 
still tbe custom among savage people. 

They were verj' fond of tbe brain of animals, and of the marrow of the 
long bones, for tbe heads and the marrow-bones {to tbe exclusion of all 
otbers) are uniformly broken. Marrow is considered a great delicacy 
among all savages. Tbey break tbe bone in a peculiar manner, and the 
bead of the tribe is honored with the first sack. Onr troglodytes used 
wedge-shaped pieces of flint as a kind of hatchet for breaking the bones. 
They also had an instrnment of horn, which was probably employed in 
extracting the marrow. - (See Fig. 14.) Arcbteologists disagree in regard 
to this instrument. Some have supposed it to be a dart, because one of 
its extremities, if not pointed, is conical in shape, and tbat the cavity 
formed iu the other was intended to admit the handle ; but, if so, tbe 
latter extremity would not have been sharpened to an oblique point 
before tbe cavity was made. On the contrary, the part used for the 
handle, where strength was required, would have been heavier, not 
smaller and weaker. Besides, the elegant ornamentation of tbe exterior 
surface indicates that it was an object of luxur>'. The time ivquii'ed 
for such work was not wasted iu forming a weapon which might be lost 
in the first thicket eucouutered. I therefore think, with Edward Lar- 
tet and Christy, that this instrument was for extracting marrow, and 
was only used by persons of distinction. 

The troglodytes, when their repasts were ended, left the bones scat- 
tered upon the ground. In a warm climate these would bave exhaled 
frightful odors, but we mnst remember that tbe temperature was mncb 
lower tben than now. Moreover, we must admit tbat cleanliness was 
not the dominant virtae of the men of this period, but their want of 
neatness serves us well, for, in consequence, the floors of tbeir caves 
show us exactly what they bad to eat. The flesh of the reindeer was 
their principal food, but they also lived upon tbe horse, the nrus, seve- 
ral species of ox, the chamois, tbe goat, and even of the carnivorous 
animals. Thus far they but followed the example of their predecessors; 
but tbey had, in addition, the products of tbe fisheries, while the im- 
provement of the bow enriched their larder with a great variety of 
birds, whose bones are found among the remains of the repasts. 
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Among all these osseoas fragjneDts there is not a single hamaD boue. 
Oar good troglodytes were uot anthropophagi. They were unacquainted 
with the savage delight of eating a vauquisbe<l enemy. I state this 
with satisfaction, althouf^h I am not of the namber of those who attach 
great importance to canuihalism. In the eyes of a philosopher the 
crime consists not in eating the man, but in killing him. In the latter 
respectwe are perhaps more barbarous than tbey,for one boasted civiliza- 
tion, which ought to pat an end to war, has only rendered it more mur- 
derous. I do not suppose the troglodytes always lived in peace ; they 
were obliged sometimes to fight in order to defend or increase their 
banting' grounds, but their weapons ore those of men of the chase^ 
banters, rather than warriors. 



Fig. 14. 



Fig. 16. Fig. 17. Fig. 15. Fig. IS. 



Fig. 14. Spoon for mnrrow. Figs. 15 and 16. Needles. Fig. 17. A hnnting scorer 
and marker. Fig. 19. Record. 

When we review their panoply we find their most formidable weap- 
ons, those which could be used in a hand-to-hand conflict, are few in 
number, so we must conclude that they were pacific in their habits. 

It has been supposed that they wore no clothing, because the figures 
of them drawn by their artists are entirely naked. But this is no proof; 
the Greeks always represented their gods and heroes in a state of nudity. 



332 THE TEOOLODTTB8. 

We found in the caves all the instraments needfyil for sewing. They 
bad needles of boae and horn ; aome with only a point likeoor shoe- 
maker's awl; others with an eye for carrying tiiread. (See Figs. 15 and 
16.) Some are very fine; we have seen a needle-case made of the 
bone of a bird, which contained several Deedles. Lartet and Christy 
have discovered the mode of mannfoctnre. They foaod a metacarpns of 
a horse, in which, made with a floe Baw, were incisionB, longitudinal and 
puuUel, isolating oaiTow and regular pieces of bone. The work was 
nDfinished, bnt it is evident that these isolated splinters of bone were to 
be formed into needles. 

The natare of the thread employed varied greatly. Did they nse vege- 
table fiber and narrow slips of leather 1 It is possible, and even probable. 
It is certain that our troglodytes made thread, or at least cord, ont of 
tendons. Several savage tribes at this day use fine tendinons fibers for 
sewing. The large posterior ligament of the herbivora might have for- 
Dished thread and cord of great strength. X have known this part of 
the OS to be nsed in more recent times by parents, in the moral improve- 
ment of their children. Whether the sinews of the reindeer were used for 
sewing I do not know, but the long tendons of the limbs were detached 
with great care, by means of a peculiar stroke which produced a slight 
but regular nbrasion of the bone. This abrasion, always the same, is 
found on different bones, but always at tjie point of insertion of a ten- 
don, and was evidently the result of an operatioa methodically per- 
formed, probably before the animals were banded over to the cooking 
department, and which bad for its object the preparation of thread for 
sewing. 

The art of sewing implies the existence of clothing, not merely that 
primitive vesture which consists of a single skin thrown over the 
sbonlders, but a much more complete raiment, formed, perhaps, of sev- 
eral skins. The abundance of needles, and of scrapers used in the prep- 
matiou of skins, shows that the use of clothing was general. 

They also wore ornaments, which, perhaps, served as marks of dis- 
tinction, such as bracelets and necklaces formed of shells, perforated 
and strung together. These are found in almost all the localities, and 
in great numbers in the ancient burial-place of Gromagnon. Some 
plates of ivory, prepared with great care and pierced with two boles, 
seem to have served as fastenings for these necklaces. 

These were not the only manifestations of that spirit of vanity which 
leads man to atlorn himself Almost all savages make nse of paint, and 
the barbarous practice of tattooing, in order to embellish their persons, 
and we have no right to look down upon them, for in the most civilized 
countries the tattoo is still in favor, especially among sailors, and the 
fine lady of society has not, it is said, entirely forgotten the nse of pig- 
ments. It is therefore not surprising that we find among the troglo- 
dytes similar customs. Their caves contain numerous fragments of a 
species of radstone, called aanguine. The stripes observed apou tbeee 
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Bhow that the; have beeu scraped. A red color was thus fonued, which 
was constantly used in personal adornments. It is likely that tattooing 
also waspracticed, since among tbeflgures engraved upou various objects 
of reindeer horn, there are several representing the hand and fare-arm 
of a man, and npon the lower part of the fore-arm are designs in saoli 
regnlar patterns they can hardly be anything else than tattooing. 

I have already said oar troglodytes were not nomadic; individuals 
may have tuidertakeu long journeys, bat the tribe 'seldom or never 
wintered far from the cave. They mnst have obtained, by exchange or 
commerce, certain articles foreign to tbe locality, sach as the perforated 
shells, of which their necklaces and bracelets were made. These were 
mostly of the epeciee Littorina Uttorea, and came from the shores of tbe 
Atlantic, where they are abundant. They were recent shells, that is, not 
fossils, which ia proved by the tints they retain to this day. There are 
others also pierced with a hole for suspension, which belong to five ex- 
tinct species of the Miocene age. They are entirely discolored ; and 
their molecular condition and worn appearance prove that they had 
been for a long time in the fossil state before they were nneartbed to 
assist in adornment. Kow tbe places where these fossils were found 
were not in tbe neighborhood of the Y^z^re ; the nearest were those 
of Touraftie, and thence, in all probability, our troglodytes imported this 
addition to their toilet. We also find at these localities, and especially 
at Upper Laugerie, small ot^ects of rock-crystal, which substance must 
have come &om the Pyrenees, the Alps, or the monntaius of Auvergne. 
The foreign relations of the troglodytes were therefore far extended. 

Had they religious l)elieft We found in their dwelling-places no 
objects which could serve for worship ; but they wore a talisman, or 
amulet, which consisted of a cauiue or incisor tooth of the wolf, the 
reindeer, the ox, or the horse ; a hole was carefully perforated iu one 
end of the tooth to receive the suspending cord. Similar talismans are 
worn at the present day to assist tbe fortunes of the chase, and M. de 
Mortillet has observed in Italy an analogous custom. To counteract 
the influence of evil spirits, the tooth of a hog, moanted in silver, is fast- 
ened to the swaddliug-clotbes of the new-bom chUd; and later, when 
the teeth commence to appear, it is suspended from tbe neck of the 
infant, and serves as a coral or rattle. 

The perforated teetb of the troglodytes were certainly not' rattles; 
they were, perhaps, protective amulets, but more probably talismans 
for hanting. In either case, they were objects of superstitious venera- 
tion. May it not then be said that these people had a religion f I am 
no theologian ; I cannot say. It is diCBcuIt to know where superstition 
ends and religion begins. 

At tbe same period of time in other places certain funeral rites were 
observed. The dead were deposited in a cave, the narrow opening of 
which was closed with a stone slab. In front of the cave was a small 
esplanade npon which the afflicted relatives comforted themselves with 
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a fe»at. This inodo of consolatioo has been contioued from age to age, 
even down to the present time. 

At present only one barial-place of the tro|^odyt«B of the V^zfere is 
IfDonn — that of Oromagnon. It is a hollow rock, not a cave. Near the 
bodies were placed some flint instniments and ornaments of ehells, bnt 
there is no trace of a closing stODe. 

The government of the troglodytes was hierarcbically organized. 
There were dignitaries of several degrees of importance. The proofe of 
such organization are foand only in tbe localities of the latest period : 
the Eyzies, Lower Laugerie, and the Madelaine. They consist of cer- 
tain large pieces of the horn of the reindeer, carefully formed, and gen- 
erally called rulers' staves or batons. Tbey are very nomeroas, and of 
a uniform type. Tbeir eotire sorface is richly ornamented with varions 
designs, representing figures of animals, or hunting scenes. The care 
taken to make them as thin as possible, in proportion to their width, 
shows that lightness, and not strength, was desired. Most of tbem, 
not all, have, in one of their extremities, round holes, varying in nom- 
ber from one to four. (See Figs. 19 and 20.) The destinatioD of theae 
Fig. 31. Fig. 19. Elg. 20. 



Pig. 19.— Bnler'B BtaTe or baton, with oae liole, rednoed to one-thiid. Fig. 30.— Tb« 
same, witli four holes, i«daced to one-third. Fig. SI. — Tbe pognmagan of tha Esqni- 
maDx, rednced to one-fourth. , -. r 



ETHNOLOGY. 335 

remarkable iDStnuneots has been, aoit still is, a subject of discussion. 
They have been considered weapons, and it must be confessed they re- 
semble in form the pogamagan employed by the Esquimaux of Macken- 
zie's River as a tomahawk, one end of whicb, formed into a blunt chisel, 
serves to break the ice. The pogamagan, however, are longer, larger, and 
heavier, and instead of being flattened their cylindrical form has been 
pre8erved,i80 that, resistance being equal in every direction, they admit 
of violent blows. They also are not pierced by the large holes which 
rendered the batons of the troglodytes too fragile for any mechanical 
use. These batons may then be considered as the instguia of ofSce. 
They recall the scepter of the ancients, whicb was carried not only by 
kings, but by chiefs of lower rank. At the present day the dignity of 
a marshal is represented by a baton, a similar symbol of office. 

The batons of the troglodytes are too numerous to be marks of royalty. 
They were simply signs of hierarchal distinction, the holes, like the 
gold and silver lace of our otQcers, indicating the rank of the wearer j 
those with four holes represented the highest office; those without any, 
the lowest. 

The unity of design in the ornamentation, which generally includes 
the holes, shows that the baton was made after the individual for whom 
it was intended was invested with his office. But in some cases the 
holes were evidently added aftem'ard, as they cut into and mutilate 
the drawings. For instance, on one baton a horse is represented ; and, 
later, a hole was pierced, which divided the horse into two portions, 
(see Fig. 19,) the possessor having been so fortunate as to receive a 
promotion. 

This division into ranks, or grades, a sure sign that the community 
was large, may have arisen out of the necessities of war ; hut it is much 
more probable that they originated in the organization of hunting expedi- 
tions, for the chase was the principal element of public prosperity, and it 
was of the utmost importance that it should be properly regulated, since 
upon it depended the sustenance of the whole people. The tempera' 
ture was then mnch lower than it is now, and the de::h of the game could 
be preserved for a long time, especially during the winter mouths, so that 
there was constantly a greater or less amount of food stored in the cave, 
and the intervention of a domestic economy was necessary to avoid either 
waste or nnjnst division of these provisions. Certain rods of horn, with 
a great number of notches npon them, arranged in regular series, seem 
to have served as account books. These objects, known as hunting regis- 
ters, (see Fig. 17,) resemble the recording sticks used at the present day 
by the bakers of small villages, and in the country, to keep the acconnts 
of those, alas too numerous, who can no more read than our troglodytes. 
A wide, thin plate of bone, or ivory, with two rows of notches on the 
sides, and its two foces covered with series of points arranged trans- 
versely, seems also to have been a register of accounts. (See Fig. 18.) 
Thanks to the organization and administration whose Indications we 
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bave just noticed, tbe troglodytes, though a large commanity, lived 
at ease. Food was so abandaut that tbey could select tbe better parts, 
and reject those mferior in quality. Tbas tbey disdained the feet of 
animals, which contain, between tbe bones and tendons, a considerable 
amount of alimentary matter, and we find in their caves entire feet of 
tbe deer, with every bone in place, as perfect as those of tbe skeletons 
of our mnseums. Tbey were evideutly cast aside as undesirable for 
food, a fact which shows that tbe sources of subsistence more thau sup- 
plied actual need. Tbe destruction of tbe dangerous animals had insured 
safety, and tbe perfection of the chase secured abundance of food. Tbe 
more urgent necessities of life no longer required au entire consecration 
of the activity, iutelligence, and time of tbe tribe. Leisure hours were 
possible, and leisure, combined with intelligence, engenders the arts. 

IV.— The aets op the teoglodttes. 

To Egypt no longer belongs tbe distiuotion of having originated the 
arts. We learned a few years ago, to our great astonishment, that the 
men of the age of the reindeer practiced drawing, carving, and even sculp- 
ture. At first their efforts received only our admiration ; but now, tbe 
excitement of discovery over, we must confess there were some very 
had artists among them. Still, although a large number of the draw- 
ings are very crude, resembling tbe rude sketches made by idle childreo 
with charcoal upon our walls, there are some truly remarkable, indi- 
cating not only a skillful band, but an eye accostomed to tbe observa- 
tion of nature. 

Drawing, with these people, undoubtedly preceded sculpture. Fig- 
ures in relief are much more rare and less perfect than those made by 
lines. The latter are found quite frequently at the Eyzies, and at Lower 
Laugerie, but are particularly abundant at tbe Madelaine, where they 
are also much more correct. 

All the drawings are made with indented lines, that is, etched, and for 
tbe most part ornament various objects of reindeer horn, such as the 
commanders' batons, or tbe handles of poiguards. There are some, 
however, made upon certain plates of ivory or born, which could have 
been intended for no other purpose than to receive and display the work 
of the artist. (See Fig. 12 and Fig. 22.) 

Almost all tbe drawings are of natural objects, although there are 
some merely ornamental lines, forming zigzags and festoons of more or 
less elegance; and, with the exception of three roselike leaves engraved 
upon tbe handle of deer's ■horn, which seem intended to represent a jmly- 
petal flower, they are principally of animals. The reindeer most fre- 
quently appearis, then the borse ; the ox and the urus more seldom. 
These animals are readily recognizable. Tbeir characteristics are repro- 
duced with great accuracy, and often with elegance ; frequently they are 
isolated figures, covering without order, and in great numbers, the eutire 
surface of au instrument, but sometimes tbey are formed into groups, 
and are seen in combat, or flying before man. 
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Of all these draviiigs the most important, and also the most rare, 
since, at present there is but one specimen, is a represeDtation of the 
mammoth, to wbidi I have already alluded. It was fonod at the Made- 
laine in 1864. The esecation of the head ia remarkably correct. (See 
Fig. 12.) Since then the Marqnis de Ytbraye has discovered at Lower 
Langerie a fragment of a commander's baton, with the bead of a mam- 
moth sculptnred apon it. These are the only representatione of the 
animal transmitted to ns by the artists of tbe Y4z6re, bat they are suffi- 
ciCDt to proTe that it was not yet extinct. 



, Fig. S3.— Combat of rrindeen. 
Bcpresentationa of fish are (inite common, and, with a single exception, 
that of an eel or lamprey, (if it is not a serpent,) they generally resem- 
ble the salmon in form. M. Blie Mass^nat has discovered at Lower 
Langerie, npon a fragment of the scapula of an ox, a rode drawing of a 
fishing scene. It represents a man in the act of harpooning an aquatic 
animal. The latter, although it has the form of a fish, is so much larger 
than the man that it has been supposed U> be one of the cetacea, probably 
a whale, and that the artist, in consequence, must have found Lis way to 
the Golf of Oascogne. I am not disposed to admit this interpretation. 
It Is hardly possible that the men of that time were saf&ciently expert 
navigators to venture npon tbe ocean to harpoon the whale. It is said 
tbe tail and bach suggest the form of a cetaceous animal ; bnt may it 
not rather be a porpoise than a whale t Porpoises sometimes sport in 
the Gironde, and I saw once, in my childhood, one of these animals car- 
ried by a flood even into the Dordogne, where it was stranded between 
Libourne and Castillon. It was killed by fishermen with boat-hooks, 
and exhibited ft«m village to village. If, as is probable, the tide rose 
higher iu those days than now, and particularly if the Bordogne was 
wider and deeper, it is conceivable that a pcnpoise might ascend the 
river high enough to come within reach of the harpoons of our troglo- 
dytes, and so unusual an event would naturally inspire tbe eotbusiaBm 
of an artist — in this case very unskillful, , 
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But I am tempted to believe that this pretended cetacean is only a badly 
drawn fisb. The relative size of the man proves nothing, for the artist 
tbmughout the entire sketch has manifested entire contempt for propor- 
tion. This too diminutive mau has a gigantic arm, and the harpoon he 
throws is proportioned to the size of the flsh. We are reminded of cer- 
tsiii jocose drawings of the present day, in which pony l>odies are supplied 
with enormons beads. The great interest of this particular work of art 
coimiats in the nuanswerable proof it gives that the troglodytes used the 
harpoon in fishing. I have already shown by indirect evidence that 
the darts, barbed only on one side, oonld only be osed as harpoons, and 
this drawing fnlly confirms that conclusion. 

The troglodytes, sometimes so skillful in the representation of animals, 
drew the human form very badly. They very seldom attempted it, aod 
ouly a single study of a head has been found. It is in profile, very 
small, and very grotesque. Two other drawings, very similar to each 
other, represent a fore-arm, terminated by a hand with four fingers, the 
thumb bidden fh)m view. Add to these Uie fisherman with the harpoon, 
and two hunting scenes, in which a man entirely naked, and armed 
with a dart, or baton, is very rudely drawn, among figures of animals 
very skillfully executed, and yon have a complete list of all the repre- 
sentations of man to be found in the gallery of the troglodytes. 



Fig. S3. 



I have already said that the specimens of sculpture 
are much more rare than the drawings. We only 
know of about half a dozen, and they all came ftom 
Lower Laugerie. One of them, belonging to the Mar- 
quis of Vibraye, represents a woman ; the others the 
following animals : a reindeer, (see Fig. 23,) the head of 
a reindeer, the head of a mammoth already mentioned, 
and the head of an animal not yet identified ; lastly, i 
specimen discovered by M. Elie Mass^nat, called theV 
twin oxen, representing two animals which may be 1 
either oxen or nri. 

Tliese sculptures are sometimes nnfluisbed, and al- 
ways badly execnted. It is true they ornament the 
bandies of poignards, or commanders' batons, and in 
ordertoaccommodatethoanimalformsemployodtotbis 
purpose, the artist was obliged to choose unnatural and 
nogracefnl positions; but, in spite of these extenuating 
circumstance8,itmuBtbe confessed that the troglodytes 
were very poor sculptors. 

On the contrary, in the art of drawing they mani- ' 
fested surprising skill. From I know not what r 
son they paid little attention to the human form, and •i<«>«"^ rstadw. 
failed in its representation, but the characteristics of animals were 
reproduced with such faitiifulDess, elegance, and spirit, as to denote true 
artistic feeling. 
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v.— The baob. 

In conclndiDg the study of this interesting people we will dow deter- 
mine tbe race to wticli tbey l)elong. The haman bones thus far col- 
lected are, nnfortanately, not sutBciently nnmeroas to satisfy entirely 
our cariosity. Still, they safBce to prove that their race was very differ- 
ent, from those which succeeded it, and that the learned anthropologist 
Retzias and his disciples were mistaken in supposing that all the popa- 
lations of Soathem Europe, before the comparatively recent period of 
the Indo-European migrations, belonged to tbe type of the Khart heads, or 

M. E)tG Ma8s4nat discovered a few months ago, at Lower Laugerie, the 
skeleton of a man who appeared to have been killed by an accidental 
fall of earth. Bat the anatomical description of this valuable specimen 
has not yet been pnblished, which I especially regret, since it is the sole 
representative of the troglodytes of the latest period. The sknlls and 
bones in the annexed drawings belong to a very much more ancient 
date. Tbey came ft^m the ancient sepnlcher of Cromagnon, of which H. 
Louis Lartet, worthy sou of an illuBtrious fatber, has determined, with 
great accuracy, the geological, paleontological, and arehseological char- 
acteristics. This burial-place contained the remains of at least five indl- 
vidaals ; but only three skulls, two masculine, one feminine, were safB- 
«iently preserved for examination. One of the men was apparently 
very old ; the other was an adnlt, as was also the woman. Near them 
vas a young child. 

They were superior in stature to ourselves. Tbe length of the femur 
of the old man indicates a height of five feet nine inches, while the size 
of the bones, the extent and roughness of the surfaces of muscular in- 
sertion, and tbe extraordinary development of the maxillary bone, in 
which are inserted the masticatory muscles, manifest a strong constitu- 
tion. 

The tibias, instead of being triangular and prismatic like ours, are 
flattened like those of a gorilla. (See Fig. 24.) Tbe upper part of the ' 
cubitus is very large and curved, and has a very small sigmoidal ca\ity, 
which characteristics recall tbe cubitus of the gorilla. But tbe con- 
fomation of the femur diflFers radically fix)m that of the apes. With the 
anthropomorphous apes the body of tbe femur is flattened, is much 
wider than it is thick, and has not upon its posterior surfaces the longi- 
tudinal crease which in man is called the sharp line. In existing races 
the thickness of the body of the femur is, in general, greater than its 
width, but tbe difference is slight. In the specimens of Cromagnon the 
femur is much thicker than wide. The sharp line, enormously devel- 
oped, is no longer a simple ridge, but a thick and prominent osseus col- 
umn, which greatly increases the strength of tbe bone and tbe extent 
of the muscular insertions. Id tbis respect the i>eople of Cromagnon 
differed much more from the simian type than tbe present races. 

The skeletons of these robust troglodytes bear traces of the violence 
of their manners ; in the lower extremity of one of the femurs of tbe old 
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man is a hollow similar to that sometiiueB prodnced in our daj by a 
spent ball. It is evidently the result of an old wound received, perhaits, 
in the chase; perhaps iu war; but a hnman hand, anned witli afllnt 
instrnment, mqst have produced a long, deep aperture which ^peais 



Fig. 36. 



Fig. 24. 



Fig. 26. 



-FUttessd tibia of the old B 



I of Cronuigiioii. FIg.SS.— Femnrottb 



icinpivflle. Fig. 



Fig. 34.— FUttei 
%.— Tibnlaoftliei 

in the skull of the woman ; the width of the opeoing shows that the bn^n 
must have been injured, bat still the victim was not killed instantly by 
the blow. The vascularization of the bone and the internal surface of 
the skull show that she survived about fifteen days. (See Figs. 27 and 28.) 
This shameful murder of a woman is not to the credit of the people of 
Gromagnon. The study of the industries of these people has already 
shown us that their social condition was not above that of a savage tribe, 
and an examination of their skulls confirms this opinion. With them 
the sutures of the anterior cranial region are very simple, while those 
of the posterior region are quite complicated. Besides, the former have 
a decided tendency to close long before the latter, two charactdriBtics 
always observed in races or individnals leading an entirely material life. 
The troglodytes of Oromagnon were t^en savages, but savages of intel- 
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ligenoe,uidcapatde of improvement Weflnd amoogthem certain sigas 
of a powerftal cerebral organizatiOD. The sknlla are large in diameter, 
carve, and capacity, and enrpass the mean of those of existing races. 
They are very elongated in form, snch as are called dolichoc^phales, 
(which means long headed,] bnt this shape of the head is not dne, as with 
the Australian negroes, to narrowaess of the skall ; on the ooabary, the 
Fig. 27. 



eknnfl(lb««vauui(rfCKm>ciHaliipiofll«i tlio apertue In Uw (Mat4l booe Is appucDL 

transversal dimensions are veil developed ; it is the increase of the 
antero-posterior diameter which gives the elongated form ; the alveolar 
arch of the old man is obliqne, bat the npper part of the face is vertical, 
and the facial angle very obtnse. The forehead is wide, not receding, 

Pig.sa 



skull ot Uie woDUUi of Cranmcnon ; tetmt view. 

and describes a beantiM curve. The amplitude of the trontal compart- 
ment denotes a great development of the anterior cerebral lobes, which 
are the seat of the most noble lenities of the mind. 
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If tbe troglodytes of Gromagnoa were in a savage state it was be- 
cause the aarroundiDg conditiouB were an&vorable to their devdopmetit. 
Tbe couformation of their brains shows t^at they were capable of 
cultare, and, ander fororable aaspices, woald make great and rapid ad- 
Fig. 29. 



»il]l or tlie old m 



vances in civilization. These rude hunters of the mammoth, tbe lion, 

and tbe bear are the worthy ancestors of the artists of the Madelune. 

Rg.30. 



Skull of tbe old nun of Cromtcnm i fiutTlew. 

I have DOW given yon the principal facts in the history of tlie troglo- 
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dy tee of tbe V^zfere. For w&t of time I have been ol>liged to omit and 
curtail mnoh that would have been interestiog to have dwelt upon, bui 
hope that yon have been enabled to follow from Monstier to Cromagiioti, 
from CromagnoQ to Upper Laagerie and George d'Bnfer, and then to 
the three localities of tbe Eyziea, Lower Laagerie, and tbe Madelaine, 
the progressive evolation of an intelligent race who advanced gradnally 
fh>m the most savage state to the very threshold of civilization ; for the 
troglodytes of the last period, with a regularly organized society, and 
possessing industry and the arts — the two great levers of progress — 
were, so to say, within one step of a truly civilized condition. 



Skall of tbe old Dun of Cramipiao ; TerUittl tIsw. 

This interesting people suddenly disappeared, leaving no. trace in tbe 
traditionB of men, not gradually, after a period of decadence, but rapidly, 
without transition, perhaps suddenly, and with them the light of the 
arts is extinguished. Then followsa period of darkness, a sort of middle 
age, of unknown doration. The chain of time is broken, and, when we 
would resume it again, we find in the place of the hunters of the rein- 
deer a new Wiiety, a new indastry, a new race, a people who are 
acquainted with agriculture, who domesticate animals, raise megaltthic 
monuments, and have the ax of polished fiint. It is tbe dawn of a 
new day, bat the knowledge of tbe arts has been lost. Sculpture and 
design have entirely disappeared, and it is not until tbe latest days of 
polished stono that we discover, and then only here and there upon an 
occasional monnment, some attempts at ornamentation, which have 
absolutely nothing in common with the remarkable artistic productions 
of the troglodytes, 

This sudden and complete extinction of tbe troglodytes snggests the 
occnrenve of a cataclysm, but such a supposition is contradicted by 
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neology, and, in order to explain this pheDomenon, it is not necessary to 
introdace any other influence than that of man. Oni honters of the rein- 
deer, with their peaceable mode of life and their light weapons, were not 
[irepared for combat, and not in a condition to resist attack, so that their 
buddirii; civilization .rielded itntnediately when their valleys were in- 
Y»ded by tribes better equipped for war; perhaps already in posaession 
of the polished ax. Then, as now-, might was right. 



APPENDIX. 

ES0TJB8I0N TO THE ETZIBS. 

At 5 o'clock a special train carried serenty-two excarsionists ; the 
sun arose in splendor and annonnced a beautiful day. The road ae for 
ns Feriguex presented little to attract attention, and animated conver- 
sation beguiled the time nntil at 6 c^clock we entered the celebrat«d 
viilley of the V^z^re, and stopped at the station of the Eyzies. 

After partaking of an excellent repast prepared for us, at 11 o'clock 
we climbed the steep sides of the eminence which overlooks the present 
village, on the banks of the Benne, and, surrounding M. Louis Lartet, 
were so fortunate as to bear a detailed account of the discoveries which 
have rendered so illastrions the cave of the Eyzies, where his &ther, 
our regretted master, with the aid of Ohristy, commenced his series of 
distinguished explorations. 

The cave still contains numerons osseous fragments, in which are 
mingled pieces of bone, flint implements, ronnded or angular pebbles 
and schistose plates of rock, for the most part foreign to the valley. 
Many a mnseum has been enriched by similar fragments frt>m Uie 
Eyzies by HM. Ed. Lartet and Christy, and we were each allowed to col- 
lect some specimens. In this cave were found the first drawings of the 
age of the reindeer. (Angnst, 1863.) 

Near the entrance of the cave, upon the lateral and exterior prolonga- 
tion of the platform are traces of ariiflcial constrootiona, of a relatively 
very recent period. A stable was partly suspended in the air, and 
uovered, doubtless, with a pent-honse roof supported in holes in the rook 
which still exist. 

We then proceeded to Gromagnon, a place very celebrated in the 
annals of science. In 1868 the constniction of the railroad necessitated 
the removal of an enormous tains at the base of the rooks on the left 
shore of the T^z^re, and at the bottom of a cave so shallow it might 
rather be called a hollow, some hnmim bones were discovered. M. Loois 
Lartet was immediately sent to the place by the minister of pnblic in- 
struction, and found that there were four superposed strata blackened 
by fire. 

In all these strata were the same indnstrial implements, flint chiefly 
shaped into scrapers, instruments of bone, bodkins, arrows, &e., and 
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also the same auimala — the great bear, Fetia tpelaa, the wolf, Cania 
vulpea, a Bpermophile, two Lepua, the Elephaa primtgmina, the ms, the 
horse very abundant, the' reindeer, the uras, some teeth of the com- 
mon deer, and lastl; a species of goose. Withoat a doabt the vestiges 
of snccessive habitation io the hollow of Oromagnon are traces of the 
same race of hnuters. When the accnmalatiou of cnliDary dSbria had 
considerably reduced the height of the little cave it became the final 
abode of a few of these ancient people. Five skeletons, a woman, a 
child, an old man, aud two yonng men were foand in it, and, with them, 
nearly three hundred marine shells, especially the LiUorina Uttorea, 
some amnlets of Ivory-pierced teeth, instrnments of reindeer bom, &c 

From the absence of barbed arrows and of engraving on stone, and 
from the predominance of the horse over the reindeer, Gromagoon dates 
before the last period of the caves, aud is very nearly contemporary 
with that of Upper Laugerie, which was visited immediately afterward 
by the association. Gaeh member had been supplied by M. Emile Car- 
tailhac with a map of the valley of the V6z%re, on the side of which were 
represented the excavations of Cromagnon and Lower Langerie. 

In passing to Tayac the association stopped for a few motneats to 
examine an interesting Boman chnrch ; a short tUstance farther on they 
crossed the V^z^e in a ferry-boat, and were charmed with the pictur- 
esque aspect of the valley. The right branch of the river is not wide, 
and the steep declivities which rise almost vertically are less than 50 
metei-s from the river. Above the hamlet of Upper Langerie we ob- 
served a talus with a line of enormons blocks of stone npou it, and were 
told that it was a cornice of rock which had fallen during the last cen- 
tury, destroying human habitations, sheep, and cows in its descent. The 
present occupants of the soil, with no fear of a similar accident, have 
reboilt their miserable cabins npon some of the fallen rocks. It is here 
that MM. de Yihraye and Franohet collected, sometimes below the level 
of the waters of the V^zfere, large qoantities of those flint instrnmeuts 
with oval ends and both sides shaped, which have become characteristic 
of an intermediate period between the age of the locality of the Moustier 
which succeeded that of Saint Acheol, and the age of Eyzies, of the 
Madelaine, &c. 

Above this important stratum lie the deposits of the tost period of 
the time of the reindeer, which witnessed the birth of industry and the 
arts, of drawing aud of sculpture. These commence at Upper Laugerie, 
and continue for several hundred yards toward Lower Laugerie, where 
they form a tnlns of 12 meters in thickness. Protected from the damp by 
the overhanging rocks, the bones are admirably preserved, and the 
escavations made have been attended with astonishing results. MM. 
Bd. Lartet and Christy, and the Marquis of Yibraye commenced the work 
which was continued for six years by M. Elie Massenat, (de Bnves.) 

Numerous relics of every period have been collected at the surface of 
the talus, but especially of the age of bronze and of polished stone. 
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The Buperfiuial strata have been frequently searcbed for Bpecimens, as 
tbey stilt contioae to be by the present infaabitaatB. These poor people 
even dig up tbe floors of their dwellings for this purpose, and we were 
quite astonished to find. deep holes under their beds and tables and 
bureaus, excavated for tbe extraction of these vestiges of ancient life. 

We have especially noticed the avalanche of rocks of tbe Upper 
Laugerie, bat similar occnrrences have taken place all along the valley. 
Socks have constantly fallen. The savages of the age of the reindeer 
were established on the banks of the Y^z^re when the valley was in its 
present coodition. Undismayed by the avalanches of stone which, at 
intervals, destroyed their homes, they fearlessly re-assumed possession 
of the soil and rekindled their extingaished fires in tbe space between 
the fallen rocks. 

It is between tbe rocks, therefore, that the excavations have been made, 
bat these irregular subterranean passages are difficnlt and dangerous to 
explore. The day before our visit heavy rain had fallen, the Y^z6re had 
risen 3 meters, and the modem troglodyte who was in M. Mass^nat's 
employ had heard ominous cracking doands. The rocks around which 
the opening bad been made had settled down, and at any moment might 
fall. Frndence deterred us, tbe excursionists, from veotaring into the 
deep passages, through which it would have been necessary to crawl on 
hantls and knees ; and, by the light of a candle, we looked into an open- 
ing black as night, in which we could see broken bones and flint instm- 
ments without number. M. Mass^nat then conducted us to the place 
where, last March, in company with MM. Lalande and Cartailhac, he 
had exhumed an entire human skeleton, all the bones of which have 
been preserved and cast. 

The members of the association were convinced that these valuable 
remains were contemporary with the great extension of the reindeer in 
the country, but one of their number was doubtftil as to tbe cause of 
their presence position. He supposed that -the place in which th^ 
rested must have been a sepulcher. MM. Mass^uat, Lalande, and Cai^ 
tailhac, who bad carefully observed every circumstance of the discovery, 
thought that the man had been killed by the descent of an avalanche, 
and Professor Broca and others adopted tbe latter opinion. 

M. Masa^nat spoke of tbe human bones he bad frequently found in 
the kitchen remains, which he regarded as a proof of cannibalism, or at 
least that the men of the age of tbe reindeer paid little respect to th^ 
dead, a fact which increased bis doubts as to the existence of sepal- 
chers at this time, although later they were employed, beyond a doubt. 

But time was passing, and, leaving Lower laugerie, where each 
member of the association bad made ample collections of flint iustru- 
Dients, fossil bones, reindeer-horn, &c., we descended to the Gorge 
D'Enfer. Here the luxuriance of the vegetation was in strong contrast 
with the somewhat desolate aspect of the declivities of the V^gfere. 
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We entered ao immense cave, as large as a great theater, dimly liglitod 
by such rays of the setting sun as found their viay through tbe foliage 
of a thicket of trees which shaded the eotrance. It was empty. Most 
of the fossil bones it once contained had been used to enrich the fields 
it overlooked, and the remainder had been carefully removed by M. 
Lartet. Tbey were especially valoable, for this locality is more ancient 
than that of Lower Laugerie and others of a similar age. 

We had now seen all the prehistoric localities of tlie Eyzies, with the 
exception of the Moastier cave, which is a type of the most ancient 
de)>osit8 made by men in the caves when the valley was only partially 
formed ; but this excursion could not be made on foot, and our time was 
too limited for its accomplishment. 

Thanks to the exertions of M. Laganne, from the Eyzies, head work- 
man of MM. Christy and Lartet, the arrangements for the comfort of 
the excursionists throughout the day were unexceptionable, and as we 
descended the Y^z^re in order to reach the ferry near the railroad 
bridge, we found some ladders placed against the declivity, which en- 
abled us to climb into an artificial cave of several interior stories. ' In 
these chambers were niches, mangers for the animals, rings, &c, cut in 
the rather soft rock. These caves are not rare in this neighborhood. In 
Corr^ze, about Brives, at Lamooron an entire bill is cut into five 
stories of stalls, large and small, and very irrregular in form. Similar 
excavations are found all over France, and in certain regions, Aisne, for 
example, are still Inhabited. Id Dordogne and Corr^ze tbey must be of 
very ancient date. 

At 5 o'clock we retook the train, and our regret, as we r^idly left 
the valley of the V^z^re, was tempered by the pleasant memory of what 
we bad seen and heard. Our locomotive sainted the declivities of Lau- 
gerie in passing, and we thought there codld not bo a more striking 
demonstration of the law of progress than to speed, with the full power of 
stean>, under the brows of the mountain which had served onr savage 
ancestors as a rendezvous for the chase., See the people of Monstier, 
hunting the mammoth, the rhinoceros, the bear, and the lion with rude 
stone implements, held in the hand or imbedded in a heavy spear. 
Again, long after, when the river had deepened its bed 30 meters, be- 
hold theu' descendants of Upper Laugerie, the gorge d'Enfar, Cromag- 
noQ, armed with the bow and arrow. Then civilization commenced ; at 
the Madelaine, the Eyzies, Lower Laugerie, bone was worked into va- 
rious forms and art was generated. Then appeared a new people, witb 
potter}-, domestic animals, and the polished ax ; we know the rest. Upon 
such facts maybe based the most happy auspices for the fntoie; a future, 
it is true, not of nations nor of races, bnt of humanity. 

At Perigueuz we dined at the railroad-station, and entered Bordeaox 
at half past U o'clock. 
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ANCIENT ABORIGINAL TRADE IN NORTH AMERICA. 

By Charles Biu. 

The fuUowiDg eaaaj wu published id GennBii, ToL T of the AreUs fir AxUira' 
pologie (Braansohweig, 1872); but as the antfjuat is pnielf NorUi Amerioau in char- 
acter, the anther has deemed it proper to piepue a version In the language of the 
ooantiy to which it refers. The present reprodnotion, however, is enlarged and im- 
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IMTRODTJOTION. 

Indications are not wanting that a kind of trade or traffic of some 
extent existed among the prehistoric inhabitants of Eorope, even at a 
time when they stood comparatively low in the scale of human develop* 
ment. The same practice prevailed in North America, before that part 
of the new world was settled by Enropeans ; and as the the subject of 
primitive commerce is of particular interest, because it sheds addi- 
tional light on the conditions of life among by-gone races, I have col- 
lected a namber of data bearing on the trade-relations of the former 
inhabitants of North America. The fact that such a trade was carried 
on is proved, beyond any doabt, by the frequent occnrrence of Indian 
mannfactures consisting of materials which were evidently obtained &om 
far distant localities. In many cases, however, these manufactures may 
have been brought as booty, and not by trade, to the places where tbey 
are found in onr days. The modern Indiana, it is well known, sometimes 
undertook expeditions of a thousand or twelve bnodred miles, in order to 
attack their enemies. The warlike Iroqnois, for example, who inhabited 
the present State of New York, fireqaently followed the war-path as far 
as the Mississippi river. Thas, in the year 16S0, six hundred warriors 
of the Seneqa tribe invaded the territory of the Illinois, among whom La 
Salle aojoomed jnst at that time, preparing to descend the Mississippi 
to the Gulf of Mexico.* More than a handred years ago, the traveler 

■ Morgan, League of the Iroqnois, Bochestor, 1^1, p. 13. Hote pieeise information 
oonceming this memorable expedition is to he found in the writings of Hennepin, 
Membrd, Lafaonton, and otheta. 
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Carver learned from tlie Wiimebagoes (ia the present State of Wiscon- 
ain) that they Bometimes made war-excorsioas to tlie soutliirestern parts 
inhabited by Spaniards (New Mexico), and that it required months to 
arrive there.* Similar excorsions and migrations, of coarse, took place 
daring the early nnknown periods of Korth American history. In the 
coarse of such enterprises the property of the vanqaished natnrally fell 
into the hands of the victors, vbo appropriated everything that ap- 
peared osefnl or desirable to them. The conseqaence waa an exchange 
by force — if I may call it so^which caused many of the mannfactnres 
and commodities of the varioos tribes to be scattered over the foce of 
the country. This having been the case, it is, of coarse, impossible to 
draw a line between peaceable barter and appropriation by right of 
war, and, therefore, while employing hereafter frequently the terms 
"trade'* or "exchange," I interpose tbat reservation which is neces- 
ffltated by the circnmstances just mentioned. 

Of the Indian commerce that has sprang np since the arrival of the 
Europeans I shall say bat little, considering that this subject has suffi- 
ciently been treated iu ethnological and other works on North America; 
and I shall likewise omit to draw within the sphere of my observations 
that interesting trade which was, and still is, carried on between the tribes 
inhabiting the high north of Asia and America, where Behring's Strait 
separates the two continents. My attention is chiefly directed to the 
more ancient manufactnres occurring in Indian mounds and elsewhere ; 
and the distribution of these relics over distant parts of the country, 
in connection with the known or presumed localities which fhmished 
the materials composing them, forms the basis of my deductions. Tbaa, 
my essay will assume an arehaological character, and for this reason I 
tihall confine my remarks to that part of the United States concerning 
whose antiquities we possess the most detailed information, namely, the 
area which is bounded by the Mississippi valley (in an extended sense], 
by the Great Lakes, the Atlantic coast, and the Gulf of Mexico. 

A number of archeeologists make a distinction between the builders 
of the extensive mural earthworks and tnmuli of North America and 
the tribes whom the whites found iu possession of the country, and 
consequently separate the relics of the so-called moand-builders from 
those of the later inhabitants. Such a line of demarcation certainly 
must appear totally obliterated with regard to the relations which I am 
about to discuss, for which reason I shall by no means adhere to this 
vagne division in my essay, but shall only adveri; to the former Indian 
population in general. 

In the following sections I have first treated of a namber of materials 
which formed objects of trade, either in an anwrought state or iu the 
shape of implements and ornaments ; and subsequently, in conclusion, 
I have made some observations tending to add more completeness to 
my preceding statements. 

• CftTvec, TrsYelB, &o., Hupw's repriot, New Tock, 1638, p. 49. 
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Every one knows tbat the region where Lake Superior borders on the 
uorthem part of Micbigao aboDuds in copper, which occurs here in a 
native Atate and in immense masses, the separation of which and rais- 
ing to the surface coutribnte in no slight degree to the difficulties of 
the mining process. Long before Europeans penetrated to those parts, 
the aborigines already possessed a knowledge of this wealth of copper. 
This fact became known in 1S47, at which time the traces of ancient 
aboriginal mining of some extent were pointed out in that district The 
circumstances of this discovery and the means employed by the natives 
for obtaining the copper being now well known, a repetition of those 
details hardly would be in place, and I merely refer to the writings 
relating to this subject.* 

Copper was, indeed, the only metal which the North American 
tribes employed for some purposes befwe their territories were colo- 
nized by Europeans. Traces of wrought silver have been found, but 
they are so exceedingly scanty that the technical significance of tbis 
metal hardly can be taken into consideration. Gold was seen by the 
earliest travelers in small quantities (in grains) among the Florida Id- 
-dians;t yet, to my knowledge, no object made of gold, that can with 
certainty be attributed to the North American Indians, has thus far 
been discovered.} The use of copper, likewise, was comparatively lim< 
ited, and cannot have exerted any marked inflnence on tfae material 
development of the natives. The copper articles left by the former in- 
habitants are by no means abundant. As an example I will only 
mention that, daring a sojonm of thirteen years in the neighborhood of 
St. Louis, which is particularly rich in tamular structures and other 
tokens of Indian occupancy, I did not succeed in obtaining a single 
specimen belonging to this class. Copper implements, such as axes, 
chisels, gravers, knives, and points of arrows and spears, have been 
found in the Indian mounds and in other places ; but most of the ob- 
jects made of this metal served for ornamental purposes, which circum- 
stance alone would go far to prove that copper played but an indifferent 
part in the industrial advancement of the race. If the ancient inhabit- 
ants had understood the tirt of melting copper, or, moreover, had na- 
ture fumii^lied tbem with sufficient supplies of tin ore for producing 

* 8qai«r aod Davis, Aocient Honmnents of tbe Hlmiagippi Vftllejr, Stoithsonian In- 
stltntioD, WaahiDgtOD, IB46. Fo«tM Bad Whitoey, Report on tbe Oeology and Topog- 
rapby of tbe Lake Superior Land District, Part I, WtBhington, 1650. Bebootcraft, 
luilian Tribes of tbe United States, To). I, Pbiladelphia, 1651. Lapham, The Antiqui- 
ties of Wisconsin, Waabiugton, tt!55. Whittlesey, Auclent Mining on the Shores of 
Lake Saperior, Washington, 1863. Sir John Lnbbosfc, Prehistoric Times, London, 
1805, Ac. 
t See : Brioton, Notes on the Fktridiau Peniosala, Philadelphia, 1860, Appendix IIL 
t Id tbe Smithsonian Report for 1670, jnet pabllshed, theoccarreQceof gold beads in 
a moDnd near CartersTille, In tbe Etowah TBlley, Qeoigia, is recorded. Native gold is 
said to be fbnnd in the Deighborhood, (p. 380.) 
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bronze, that peculiar compositjon which the Mesicaiis and Peruviana 
employed, their state of civilization donbtless would have been much 
higher when the whites arrived in their conDtry. They lacked, how- 
ever, as for as investigations hitherto have shown, the knowledge of 
reDdering copper serviceable tw their purposes by the process of melt- 
ing, contenting themselves by hammering purely metallic masses of 
copper with great labor into the shapes of implements or articles of 
decoration. These masses they donbtless obtained principally, if not 
entirely, f^m the copper districts of Lake Superior." Owing to the 
arborescent or indented form nnder which the copper occurs in the 
above-named region, nearly all copper articles of aboriginal origin ex- 
hibit a distinct laminar structure, Uiongh quit« a considerable degree of 
density has been impari:ed t« the metal by continued hammering. It 
must be admitted, farthermore, that the aborigines had acquired great 
skill iu working the copper in a cold state. From an arcbxologicat 
point of view this pecnliar application of natural copper is certainly 
very remarkable, and, therefore, has often been cited, both by Americao 
and European writers. To the native population, however, the com- 
paratively sparing use of copper cannot have afforded great material 
aid, and its chief importance doubtless consisted in the promotion of . 
intercourse among the various tribes. 

The first travelers who visited Xorth America saw copper ornameuts 
and other objects made of this metal in the possession of the natives, 
and very scrupulously mention this fact in their accounts, while they 
often leave matters of greater importance eutirely unnoticed. Thisi^n- 
Dot surprise us, couiidering that the first discoverers were possessed of 
an immoderate greediness for precious metals, and therefore also paid 
particular attention to those of less value. The Florentine navigator, 
Giovanni Yerazzano, who sailed in 1524, by order of Francis the First 
of Frauce, along the Atlantic coast of North America for pnrposes of 
discover}-, noticed, as he states in his letter to the French king, on the 
persons of the natives pieces of wrought copper, "which they esteemed 
more than gold." Many of them wore copper ear-rings-t In the nar- 
rative which the anonymous Portuguese nobleman, called the Knight of 
Elvas, has left of De Soto's ill-fated expedition (1539-'43) it is stated 
that the 8paDiardssaw,in the province of Outifachiqui,eomc copper axes, 
or chopping-knives, which apparently containetl an admixture of gold. 
The Indians pointed to the province of Ghisca as the country where 
the people were familiar with the process of meltiug copper or another 

* Some of the nativea of the nortbenimoBt part of the United States, lately pur- 
chased from Baaaia, ivorked oopper before the European ocoapatioD. Their indastrr 
was, of conne, entirely indepeDdent of that here nnder coDelder&tioD. (8ra, for in- 
■tance, Von Wrangell, Buttitahe Baitransat em der IfordtomtUitte von Awurika, St. Fetei*' 
bnrg, 1839.) 

t Tbe Voyage of John deTerosiano, in Collections of the Nev York Historical So- 
ciety, Second Sedei.Tol. I, Kew York, 1641, pp. 47 and 50. 
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metal of a lighter color and inferior bardDess.* It is vei; natural that 
these gold-seeking adventurers ahoald have anticipated everywhere 
traces of that valnable metal; and concerning the statements of the 
Indians in relation to the melting, it ia well known how apt the crafty 
natives always were to regulate their answers according to the wishes 
of the inquirers. Yet, notwithstanding these improbabilities, the tact 
remains that the natives of the present Sonthem States ased imple- 
ments of copper some centnries ago. Indeed, I have seen in the col- 
lection of Colonel Charles 0. Jones, of Brooklyn, copper articles of the 
above description, obtained in the State of Georgia. When Henry 
Hudson discovered, in 1609, the magnificent river that bears his name, 
he noticed among the Indians of that region pipes and omameat« made 
of copper. "They had red copper tobacco-pipes, and other things of 
copper they did wear about their necks." Robert Jaet-, who served an* 
der Hudson as mate in the Half-Moon, relates these details in the jour- 
nal he has lelt bebiud.t Additional statements of similar purport 
might be citeil from the early relations concerning the discovery of 
North America. 

While Messrs. Squier and Davis were engaged, more than twenty 
years ago, in surveying the earthworks of the Mississippi valley, more 
especially those of the State of Ohio, they found in the sepulchral and 
so-called sacrificial mounds a number of copper objects, which tbey have 
described and figured in the work containing the results of their iuvesti- 
gatioDs.} They also met small pieces of the nnwrought natural metal 
in some of the mounds. The copper specimens obtained daring this sur- 
vey were formerly in the possession of Dr. Davis, one of the- ejcplorers, 
and I had frequent occasion to examine them. At present they form a 
part of the Blackmore Museum, at Salisbury, England, to which insti- 
tute Dr. Dn vis sold his valuable collection. They are either implements, 
such as axes, chisels, and gravers; or bracelets, beads, and other probably 
ornamental objects, exhibiting quite peculiar forms, which were, perhaps, 
owing to the singular methods employed in fashioning the copper into 
dellnite Kha^tes. The axes resemble the flat celts of the European bronze 
periofi, and doubtless were fastened in handles like the latter. Some 
of the bracelets of the better class are of very good workmanship, the 
simple rods which form them being well rounded and smoothed, and 
bent into a regular circle until their ends meet. I have seen quite simi- 
lar bronze bracelets in European collections. The objects just deiscribed 
obviously have been fashioned by hammering ; others, however, con- 
sisting of hammered copper sheet, received their final shape by pressure. 
To these belong certain circularconcavo-convex discs, from one and one- 

' NurativeB of tlie Career of Hernando de Soto in the Conqaest of Florida, aa told 
by a Knight of Elvaa, aod in a Relation by Lays Hsmandei da Biedma, Factor of 
tbe Expedition. Tranelated by BackiDgbam Smith. New York, 1H66, p. 73. 

IJournolof the VoyS)^ of the Half-Moon, in CollectioDSof tbeNawTotk Hiatotioal 
Society, Second Seiiea, Vol. I, 1811, p. 323. 

t Ancient Monamenta of tbe MiBBiirippl Valley, pp. 196-S07. 
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half inches to two incbes in diameter, vbicb bave been likened to the 
bosses observed on harnesses. Coaceming tbeir nse, notbing is defin- 
itelf known, bat it is presumed that tbey were destined for purposes of 
ornament. The manipolation of pressure was likewise employed in mak- 
ing smaller articles of decoration resembling the convex metal buttous 
still seen on the clothes of tbe peasantry of Germany and other Euro- 
peon coQDtries. However, in minntely describing these remarkable 
products of aboriginal art, I would merely repeat what already has 
been stated, detailed accounts being given in the well-known work of 
Uessrs. Squier and Davis. 

Althoagh tbe Are on the hearths or altars now inclosed by tbe sacri- 
ficial mounds' was sometimes sufficiently strong to melt tbe deposited 
copper articles, it does seem that tbis proceediiig induced the ancient 
inhabitants to avail themselves of fire in working copper ; tbey persisted 
in the tedious practice of hammering. Yet one copper axe, evidently 
eatt, and resembliug those taken from the mounds of Ohio, has been 
ploughed up near Auburn, in Cayuga County, in the State of Kew York.t 
This specimen, wbioh bears no traces of use, may date &om the earlier 
times of European colonization. It certainly would be wrong to place 
much stress on sucb an isolated case. Tbe Indians, moreover, learned 
very soon from tbe whites the art of casting metals. For this we have 
tbe authority of Roger Williams, who makes the foUowiugstatement in 
reference to tbe New England Indians ; "Tliey have an excellent Art to 
«ut our Pewter and Bratae into very neate and artipAall PipeaJ'X 

In the Lako Superior district, reported to by tbe aboriginal miners, 
there bave been found, besides mauy grooved stone hammers (sometimes 
of very large size) and rude wooden tools, various copper implements, 
such as chisels, gads, &&, and some spear-heads in which, in lieu of a 
socket, the flat sides at tbe lower end are partly bent over,^ a feature 
also peculiar to certain European bronze celts, which, on tbis acconut, 
are denominated " winged" celts. 

Tbe copper-lands of Nortbern Michigan, it has been stated, were 
visited by the aborigines for the sake of obtaining copper at a period 
anteceding the arrival of the whites. It is probable that small bands of 
' various northern tribes made periodical excursions to that locality, return* 
ingtotheir homes when they had supplied themselves with sufflcientquan- 
tities of the mnch-desired metal. Tbe indications of permanent settle- 
ments, namely, burial-places, defensive works, traces of cnltivation and 

'For a precise ilescriptioD of tbe remarkable Bt»tifled moDnda denominated "saori- 
ficiol," 1 mneC refer to tbe "Ancient Mounments of the MieaiMlppl Valley." Bained 
hnman bones being often discovered In tbem in oonneotion with nianniactared objects, 
Sir Jobn Lnbbock suggests that these mounds are of a sepolebial rather than a sacri- 
ficial character. [Prehistoric Times, first ed., p. 819, &c) 

(Sqaier, Aboriginal Moonmentsofthe State of New York, Washington, 1849, p. 76. 

tEogerWiUiams.AEej into tbe Langnageof America; Providenoe, 1837, p. 55. (Re- 
print of the London edition of 1643.) 

} Whittlesey, Ancient Uining, SiXi. 
23s 
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dwellings, &c., are waatiDg, and the smitll number of chaseableanimala, 
indeed, oQ'ered but little indiicetnent to a protracted sojouni. The ques- 
tioD, at what time the natives ceased to resort to the mines, has been 
afiawered in various ways. Mr. Whittlesey is of ojiiuiou that from five 
to six hundred years may have elapsed since that time, basing his arga- 
meut on the growth of trees that have sprung np in thg rubbish thrown 
out from the mines ; Mr. Lapham, on the other hand, believes iu a con- 
tinuance of the aboriginal mining operations to more recent periods, and 
thinks they were carried on by the progenitors of the Indians still in- 
habiting the neighboring part-s, althongh they possess uo traditions 
relative to such labors. Probably as earl; as the first half of the sev- 
enteenth century the French of Canada entertained witti those tribes a 
trade that provided the latter with iron tools, and the ornaments and 
trinkets so much coveted by the red race. Thus, the inducements to 
obtain copper ceased, and the practice of procuring it being once dis- 
continued, a few ceotaries may have sufficed to efface the tradition ttom 
the memory of the succeeding generations. Yet, like many other points 
of North American archeeologj', this matter is still involved in obscu- 
rity, and it wonld he hazardous, at present, to pronounce any decided 
opinion on the subject.* 

The occurrence of native copper in the United States is not confined 
to the shore of Lake Superior. As I am informed by Professor James 
D. Dana, it is also met, in pieces of several pounds' weight, in the valley 
of the Connecticut river, and likewise, in smaller pieces, in the State 
of 2Tew Jersey, probably originating in both cases from the red sand- 
stone formation. Near New Haven, Connecticut, a mass was found 
weighing ninety pouuds. Such copper finds may have ftimisbed a small 
part of tiie metal worked by the aboriginal inhabitant«; its real source, 
however, must be sought, in all probability, in the mining district of 
Lake Superior. It is a remarkable circnmstance that the native copper 
there occurring sometimes incloses small masses of native silver, a jux- 
taposition which, as I believe, is not to be observed at any other place 
in the United States ; and just such pieces in which the two natural 
metals are combined have been taken from a few of the tumnli of 
Ohio. 

Though copper articles of Indian origin are comparatively scarce in 

*Tbe todlans certuDl; area forgetfal tsoe. Tbe trareler Stepheas, wbohae exam- 
ioed nod d««cribed the grand ruiDaofaDcient buildings in Yacatan audthoneighboripg 
states, maintains— and I believe on good groanda — that these erectioDS, at least in 
part, are tbe work of tbe sama Indian popnlatioDH with whom the cooquiAtadore* 
(Hernandez de CfiTdoTa, Orijalva, Cort&) nere bronght into contact darinf; the six- 
teenth oentary . The present dascendaota of the bDildere of those magnificent works 
hirfe preserved no recollections of their more advanced anceators. Wbenever Stephens 
asked then conoeniing the origin of tbe baUdlngs, their answer was, they bad been 
ereetKd bj tbo antiguM ; bnt they conid not explain their destination; the; were on- 
acqnainted with tbe meaning of tbe Btalaes and fteseo paintings, and manilearted Ln 
general a total ignorance of all that related to theii former hiatocf . 
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the TJiiited States,* the field of their distributioD, nevertheless, is vcrj- 
vide, exteodiDg lh>m the Great Lakes to the Gulf States, and from the 
Atlantic coast to the Mississippi, and, perhaps, some distance beyond 
that river. Taking it for granted, as we may do, that the northern pnrt of 
Michigan is the point from which the metal was spread over that area, 
the traffic in copyer presents itself as very extensive as far as distance 
is concerned. The difficulties connected with the labor of obtaining this 
metal doubtless rendered it a valuable object, perhaps no less esteemed 
than bronze in Europe, when the introduction of that composition was 
yet of recent date. The copper probably was bartered in the shape of 
raw material. Small pieces of this description, I have already stated, 
were taken fW)m the mounds of Ohio, and larger masses occasionally 
have been met in the neighborhood of these works. One mass weigh- 
ing twenty-three pounds, from -which smaller portions evidently had 
been detached, was discovered in the Scioto valley, near Ghillicotfae, 
Obicf Of course, it is impossible at present to demonstrate in what 
manner the copper trade was carried on, and we hav« to rest satisfied 
■with the presumption that the raw or worked copper went from hand to 
haud in exchange for other productions of nature or art, until it reached 
the places where we now find it. Perhaps there were certain persons 
who made it their business to trade in copper. I must not omit to refer 
here to some passages bearing, though indirectly, on the latter question, 
which are contained in the old accouuts of Hernando de Soto's expedi- 
tion. Garcilasso de la Vega speaks of wandering Indian merchants 
[marchands), who traded in salt.} Tlie Knight of Elvas is still more 
explicit on this point. According to him, the Indians of the province 
of Cayae obtained salt by the evaporation of saline water. The method 
is accurately described. They exported salt into other provinces, and 
took in retnm skins and other commodities. Biedma, who accompanied 
that memorable expedition as accountant, likewise speaks in vartons 
places of salt-making among the Indians.^ 



It has been a common experience of discoverers that the primitive 
peoples with whom they came in contact manifested, like children, a re- 
markable predilection for brightly-colored and brilliant objects, which, 
without serving for any definite parpose, were valued merely on account 
of theirextemal qualities. The later £Iorth American Indiausexhibited 

* The SmithsoDioD laBtUntioa baa be«a receiving for fears Indian BOtiquities from 
all parts of North America, set paasos»ed ia 1870 out; seven copper objectn ; namtly, 
tliree spearheads, two small rods, a »eDiilaiiar knife with convex cntting ed^, and aa 
ase of good shape. Prufesssor Baird was kind euongb to send me photographB and 
descriptions of these articles. 

t Ancient MoDoments, &i., p. 203. 

tConqaAte de la Floride, Leide, 1731, Vol.U.p. 400. 

i Narratives of the Career of Hernando de Boto, d:o., p. 134. Biedma, pp. 10^ 153, 
and 357. 
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this tenclttDCy io a marked degree, aad tbeir predecessors, whose history 
is shrouded in darkness, seem to have been moved by similar impnlses. 
Thus the common ore of lead, or galena, was much prized by the for- 
mer inhabitants of North America, though there is, thus far, no conclu- 
sive evidence of their having understood how to reader it serviceable 
by melting. Quite considerable quantities of this shining mineral 
bave been met in the monnds of Ohio. On tbe hearth of oie of the 
sacrificial mounds of that Stat«, Messrs. Squier and Davis discovered a 
deposit of galena, in pieces weighing from two ounces to three pounds, 
tbe whole quantity amonntiug perhaps to thirty pounds. The sacrificial 
fire bad not been strong enough to convert the ore into pure metal, 
though some of tbe pieces showed tbe beginning of fusion.* Aa 
stated before, there is no definite proof that the aborigines were ac- 
quainted with the process of reducing lead fh>m its ore; for as yet no 
leaden implements or ornaments have been discovered that can be as- 
Bcribed with certaiuty to the former population. Tbe peculiarly shaped 
object of pure lead figured on page 209 of the "Ancient Monuments," 
which came to light while a well was sunb: within the ditch of tbe earth- 
work at Circleville, Ohio, was perhaps made by whites, or by Indians 
at a period when they already had acquired from the former the know- 
ledge of casting lead. This curious relic is in possession of Dr. Daris, 
and I bave often examined it. Tbe archaeological collection of tbe 
Smithsonian Institute contains not a single Indian article of lead, but 
quantities of galena, which were taken from various mounds. Yet, 
supposing the Indians had known the fusibility of galena, tbe lead ex- 
tracted therefrom could not bave afforded them great advantages, con- 
sidering that its very nature hardly admitted of any useful application. 
"Too soft for axes or knives, too fusible for vessels, and too soon tar- 
nished to be valuable for ornament, there was little inducement for its 
Bjanufacture." — (Squier and Davis.) However, in making net-sinkers, it 
would have been preferable to tbe flat pebbles notched on two opposite 
sides, which tbe natives used as weights for their nets. Pebbles of this 
description abound in the valley of the Susquehanna and in various 
other places of the United States, especially in tbe neighborhood of 
rivers. 

Tbe frequent occurrence of galena on the altars of the sacrificial 
mounds proves, at any rate, that the ancient inhabitants attributed a 
peculiar value to it, deeming it worthy to be offered as a sacnflcial 
gift. The pieces of galena found io Ohio were, in all probability, ob- 
tained in Illinois or Missouri, tcom which regions they were transferred 
by way of barter, as we may presume, to the Ohio valley. So original 
deposits of galena are knowu in greater proximity that could have 
furnished pieces equal to those taken from the mounds of Ohio. 

'Aucieot Monnmenta, pp. 149 aod 209. 
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The pecaliar glass-like stone of volcanic origin, called obsidian, which 
played snch an importaDt part in the hoasebold of the auciunt Mexi- 
cans, has not been met in situ witbia that large portion of the United 
States (probably of ^ortb America in geaeral) that lies north of I^esico 
and to the east of the Rooky Monotains. Messrs. Sqiiier nod Davis, 
oeverthelesa, have foand obsidian in the shape of points for arrows and 
spears and cutting implements, thongb mostly broken, in five monnds 
of the Scioto valley, in Ohio ; an object made of this material was like- 
wise foond in Tennessee,* and the numerous unopened mounds oi the 
United States may inclose many more articles of this class. The cop- 
per naed by the Indians, it has been seen, occurs as a product of nature 
within the area over which it was spread by bntnau agency ; it is differ- 
ent, however, with regard to obsidian, and the qnestion therefore arises, 
from what region the builders of the large inclosures and tumuli in 
Ohio obtained the last-named mineral. Obsidian, we know, is found 
in the present territory of the United States on the western side of the 
Bocky Monotains. Captain Bonneville noticed, about forty years ago, 
thattiie Sboshoneesor Snakelndians in tbe neighborhood of Snake river 
(or Lewis river) naed aiTows armed with points of obsidian, which, he 
adds, aboQuds in that vicinity .t The latter fact is confirmed by Samuel 
Parker, who found, some years later (1S35), in the volcanic formations 
of that region, *' many large and fine specimens of pure obsidian or vol- 
canic glass.'^ According to Wyeth, the Sbosbonees also employ sharp 
obsidian flakes of convenient ^ape as knives, which they sometimes 
provide with handles of wood or horn. The same author mentions the 
frequent occurrence of obsidian in the district inhabited by the Sbosho- 
neea.§ It is known that various tribes in New Mexico, Arizona, and 
neighboring parts, Apaches, Mojaves, and others, trequeutly employ 
obsidian in the manufacture of their arrowheads. 

Mr. John B. Bartlett, from 1850 to 1853 commissioner of the United 
States for determining the boundary line between the latter and Mexico, 
found pieces of obsidian and fragments of painted pottery along the 
Gila river, wherever there had been any Indian villages ; and also 
among the ruins of the Casas grandma, in Cbibaahua, as well as those of 
the Gila and Salinas rivers.|| The same observation has been niatie by 
earlier and later travelers. The natives of Upper California employ 
obsidian extensively for making arrowheads. Mr, Caleb Lyon, who 

' Troost, Auoiect Renmins inTenDBssee, in: TruiBactlouaof tbeAmericauElliuologi- 
cia Society, New York, 1845, Vol. I, p. 361. 

j Irving, AdTentoreB of Captain BounevtUe, Mew York, 1851, p. 255. 

IPuker, Exploring Toor beyond the Eockf Moantains, Itbaoa, New Yoik, 1644, 
p. 98. 

f Wyeth, in Sohooor&ft's Inaian Tribes, Vol. I, p. 213. 

I Bartlett, Personal Narrative, &c.. New Tork, H514, Vol. II, p. 50. Compare; Hnm- 
boldt, Eswi politique sat la NoDvelle-Espagne, Paris, 1825, Vol. U, p. 243, and Clavi- 
gero, History of Moxico, Pbilodelpbia, 1817, VoL I, p. 151. 
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was, about tea years ago, among the Shasta Indians in Catiforuin, saw 
one of the tribe engaged iu making arrowheads from obsidian as well 
as from the glass of a broken porter-bottle. He describes the method 
of mannfactare in a letter which was published by the American Eth- 
nological Society.* To this letter I shall refer in a succeeding section 
of this essay, when treating of the division of labor among the North 
American Indians. Mr. Bartlett visited, while in California, a locality 
in the Kapa valley (north of San Francisco), where obsidian occurs 
iu pieces from the size of a pea to that of an ostrich egg, which are 
imbedded in a mass resembling a coarse mortar of lime, sand, and 
gravel. He found the surface in many places covered, from sis to 
twelve inches in depth, with broken piecesandsmall boulders of this 
volcanic substance. The appearance of these spots reminded him of a 
newly-made macadamized road.t 

The most extensive use of obsidian, however, was formerly made id 
Mexico, before the empire of the Aztecs succumbed to the Spanish in- 
vaders. Old obsidian mines are still seen on the Cerro de Navt0as, or 
"Hill of Knives," which is situated in a northeasterly direction from 
the city of Mexico, at some distance from the Indian town Atotoniico el 
Grande. These mines provided the ancient population of Mexico with 
vast quantities of the mnch-prized stone, of which they made those fine 
double-edged knives, arrow and spear-heads, mirrors, very skllfully^ 
executed masks, and ornaments of various kinds. Hnmboldt speaks of 
the Hill of Knives in a transient manner; $ for a precise description we 
are indebted to the meritorioas English ethnologist, E. B. Tylor, who 
visited that interesting locality in 1856, while traveling through Mexico 
iu company with the late Mr. Christy.^ In describing the mines, Mr. 
Tylor says; "Someof thetrachytic porphyry which forms the substance 
of the hills had happened to have cooled, under snitable conditions, from 
the molten state into a sort of slag, or volcanic glass, which is the obsid- 
ian in question ; and, in places, this vitreous lava, A-om one layer hav- 
iug flowed over another which was already cool, was regularly stratified. 
The mines were piere wells, not very deep, with horizontal workings 
into the obsidian where it was very good and in thick layers. Itound 
about were heaps of fragments, hundreds of tons of them ; and it was 
clear, from the shape of these, that some of the manutiactnring was done 
on the spot. There had been great numbers of pits worked, and it was 
from these miniUat, little mines, as they are called, that we first got aa 
idea how important an element this obsidian was in the old Aztec civi- 
lization. In excursions made since, we traveled over whole districts in 
the plains where fragments of these arrows and knives were to be found 

* Bulletiu of tho Americno EtbnoloEioal Sociutf, New York, IHGl, Vol. I, p. 39. 

i PerBODal Narrative, Vol. II, p. 49. 

1 Eawti politiqae snr la Noavelle-Eapagne, Vol. Ill, p. 1S2. 

f TylitT. Annbuac: or Mexico and the MexicaoB, Ancient and Modem, Lond., 1961. 
Tbi» volume contains, besidei tuany facta relating to tlie arcbieology and «thDologj of 
Mexico, the beat obaetvatioDB on obsidian I bave found in aaj nork on that oonntty. 
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literally at every step, mixed with morsels of pottery, and here aud 
tbere a little clay idol."' 

From the centre of tbe State of Ohio to the coaotry of the Sbo- 
Bhouees, as well as to the Bio Gila, aod the just-described mines in 
Mexico, tbe straight distances are almost equal, measuring about seveo- 
teeo hundred Eoglisb miles; indeed, tbe Mexican mines are a tiifie 
nearer to Ohio than tbe above-mentioned districts. It woald be lost 
labor, therefore, to lodalge in specnlations from which of these locali- 
ties tbe obsidian fonnd in Ohio and Tennessee was derived. The num- 
ber of articles of this stone that has been met east of tbe Mississippi 
is so exceedingly small that its technical ei^ificance hardly deserves 
any consideration. Yet, the sole fact of finding worked obsidian at 
such great distances from the nearest places where it occnrs either in 

■Aiiiihnao,p. 99. Th« fDllonidg iuterestilig communication wuoddruased lomeb; 
Dr. C. H. Bereodt : 

"Daring one of many sxcnrBioiis whicb I made in the yean 18G3-'5C aroond the 
Citlaltepetl, or Pico de Orizaba (in the State of Vera Cruz), I saw an obBidiao mine on 
tbe weetem slope of that monntaiD. I bad beard of it from m; fi-iend tba late Mr. C. 
Sutorina ,wbo bad visited the place years ago. J was informed that tbe Indians of tbe 
village of Alpatlahna knew tbe place, bnt that the; did not like to have it visited. 
8ome ea; they have Ireaanree bidden in the cavee of tbe neif;hborbood ; while others 
believe that they have idols in those lonely places which tbey still secretly worship. 
The cora of San Juan Coeoomatepeo, who was of this latter opinion, gave lue the name 
of a mestizo farmer in the neighborhood who might be induced to show me the place. 
Onr party followed fiy)m CoBcomatepeo tbe road which leads totberancho Jacalaud the 
pass of Id Cncbilla. We did not find tbe mestizo at home, but his wife, who directed 
her boy to show an the oave. Reaching the bridge of the Jamapa river, we took a 
by-road parting to the north, wbicb biongbt us to tbe village of Alpatlahua,aud about 
four miles farther north t4> a branch of the Jamapa river, which we crossed. We then 
left the road and proceeded about half a mile up the river throagb thick woods, when 
we found ourselves suddenly befbre the entrance of the cave. It was about fifty feet 
high and of considerable width, bnt obstructed by fallen rocks and shrubs. Heaps of 
obsidian chips of more than a man's height filled the bottom of the grotto, which had 
apparently no cuusiderablehorizontal depth. To thelefttheminewasseen.an excavation 
of from six to eight square yards, the bottom tilled up with rubbish and chips. Obsidian, 
evidently, bod not only been quarried, bnt also been made into implements at this 
spot, tbe latter fact being proved by tbe occnrrenoe of cores, or nuclei, of oil sizes, 
from which flakes or knives had been detached. We were not prepared for digging, 
and it was too late for nndertaking explorations that day. So we left, with the purpose 
to return better prepared at another time, hoping to find some relics of the miners 
and workmen, and, perhaps, other antiquities. Bnt it happened that I never liad an 
opportunity to visit tbe place again. Mr. Sartorins saw in this cave three entraucea 
walled up with stone and mortar, bat tbeee I did not discover, having, as stated, no 
time for a careful examination. Future travelers, 1 hope, will be more successful. 

" Mr. SartnrioQS mentioned another place, likewise in tbe State of Vera Cruz, where 
obsidian formerly was quarried. This place Is situated in the cbain of mountains ex- 
tending frum the Pico de Orizaba to the Cofre do Perote. One of tbe intervening 
monntains, called Xaliatoc, is distinguished by a white spot that can be seen at the 
distance of many miles, even atVeraCniE. It is produced by an outcropping of pumice- 
stone resting on an immense mass of obsidian that baa been worked in various places. 
I know tbe mountain well, bnt not theioad leading to it, never having traveled inUiat 
direction." 
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situ or in coDseqnence of hamaD ageucy (aa, perhaps, on tbe Gila), is in 
itself of importance, for it furnishes an additional illustration of tbe fax- 
reaching commimicatioiis among the aborigines of North America. 



Like the shining galena, mica (commonly called isinglass), was a 
substance held in high estimation by the former inhabitants ; but, wbile 
the first-named mineral apparently fulfilled no definite purpose, being 
deemed valuable merely for its brilliancy, tbe latter was ofteu made into 
articles of ornament, a purpose for which it certainly was welt fitted on 
account of its metalljc lustre. It is also said to have been used for 
mirrors. Mica is found in the tumuli in considerable quautities, some- 
times in bushels, and is often ploughed up in the neighborhood of old 
earthworks. It occurs in sepulchral mounds as well aa, thougb more 
rarely, in those of supposed sacrificial character. lu the former tbe 
plat«sof mica are placed on the chest or above tbe bead of tbe skeleton, 
and sometimes tbey cover it.almost entirely. If I speak here of " p1at«B 
of mica," the expression is to be takeu literally-, it being known 
that this mineral occurs in some of the eastern parts of North America 
iu masses of considerable size, as, for instance, in New Hampsfaire, 
where pieces of from two to three feet in diameter have been observed. 

The most important archaeological finds of mica, as fur as I know, 
occurred in Ohio. Of some of them I will give here a brief account-. 

Mr. Atwater has left a very accurate description of the earthwork at 
Circleville, Ohio, now mostly obliterated, which consisted of a large cir- 
cular and adjoining quadratic embankment. In the centre of the circle 
there arose a sepulchral monnd which contained two skeletons and 
various objects of art, among which was a " mirror" of mica, about three 
feet long, one foot and a half wide, and ooe inch and a half in thickness. 
Atwater found these soKsalted mirrors at least in fifty different places in 
Ohio, mostly in monnds. "They were common among that i>eople,'' he 
says, "and answered very well the purpose for which they were in- 
tended. These mirrors were very thick, otherwise they would not have 
refiected the light."* It has been doubted, however, whether the objects 
served as mirrors. It is true, every one who has come in contact with 
the modern Indians knows how eager they are, prompted by vanity, to 
obtain from tbe traders small looking-glasses, which they often carry 
about their persons in order to contemplate their features, or to have 
them on band when they are about to paint their faces, or to eradicate 
their scanty growth of beard. Tet, after all, 1 am inclinded to believe 
that Atwatcr's so-called mirrors were notliiog else but those laree plntes 
of mica, probably of symbolic character (as will be seen), which hare 
frequently been met since the publication of his account. 

In the year 1828, during the digging of a canal near Newark, Ohio, 
one of the low mounds frequent in that neighborhood was removed. It 

* Atwat«r, iu: Arcbtoologjc* Amcricaiia, Woroegtor, 18^, Vol. I, pp. I7lj,2& 
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contained foarteec skeletons in a high state of deoompositioD, which 
were covered with a regnlar layer of mica platfiS. The latter were &oin 
eight to ten inches Id length, four or five inches wide, and fix>ni half an 
inch to an inch in thickiiess. The quantity of mica thrown up from this 
mound amoanted to Jifteen or twenty bnshela.* 

Daring their arcbfeological inyestigations, Messrs. Sqaier and Davis 
frequently found mica in the mounds, and they have given precise ac- 
counts of their dlsooveries. In one of the sacrificial mounds near Chilli- 
cothe, Ohio, they came apon a layer of round plates of silvery mica, 
measariog from ten to twelve inches in diameter, which overlapped each 
other like the tiles or slates on a roof, aod were deposited in the shape 
of a half-moon. The excavation laid hare more thao one-half of this 
crescent, which coald not have measured less than twenty feet from 
horn to horn. The greatest width (in the middle) was five feet. It has 
been tbonght that the shape of this cnrioas deposit of mica wight be 
suggestive of the religious views of the builders of the moand, and 
imply a tendency to mooo-worship.t Another mound not far from the 
preceding one — both belonged to a group of twenty-three within an in- 
dosure — likewise contained mica.t The circular cavity of the altar in 
this moand was filled with fine ashes iatermized with fragments of clay 
vessels and some small convex copper discs. Over these contents of 
the basin a layer of mica sheets, overlapping each other, was spread 
like a cover, which, again, 8erve4 as the basis for a heap of burned 
human bones, probably belonging to a single person.§ 

The aathors of the "Ancient Monuments^ also found occasionally iu 
the mounds ornaments made of thin sbeetsof mica, cutout very neatly 
and with great regularity in the shapes of scrolls, oval plates, and discs, 
and pierced with small holes for suspension or attaclimeut. They 
doubtless were intended to embellish the dress of persons of distinction. [j 
Dr. Davis has some of these ornaments which, fastened on black vel- 
vet, almost might be taken for silver objects, the mica of which tliey 
are made being of the perfectly opaque kind. Oroamcntal plates of 
mica, farther, were met in the large Grave-Greek Moand, situated 
twelve miles below Wheeling, In W^tem Virginia. This burial- 
moond, which is one of the highest in the United States — it is seventy 
feet high — was opened in 1838. Near one of the skeletons, one hnn- 
dred and fifty rather irregularly-shaped tbin sheets of mica, from one 
loch and a half to two inches in size, were collected. They were all 
provided with two or more holes for stringing them together, and had 
evidently formed a scarf or some other article of personal adomment.f[ 

'ADcIeDtHonnments, p. TS. 
t Ancieat MoDumeota, p. 154. 

(Tbie esrthiTork, called "MoatidCity"b;SqaleruidDBTle, wiUbedeecribedluitaab. 
aeqnent teotion. 

fAooleut Mobh meats, p. 145. 

t Aacient Uonamenta, p. 15^ ; repT«8entatir>nB on [^ 240. 

HScbooloraft, in ; TraDiactitfns of the AmericaD Kthnologioal Societ;, Vol. I, p. 399. 
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The preceding quotations, to which others of similar purport might 
be added, will suffice to show how much mica was valued by the 
former inhabitants of the Mississippi valley; iudeed, the frequent and 
peculiar occurrence of this mineral in the moouds almost might justify 
tjie conjecture that it was believed to be invested with some mysterious 
significance, and played a part in the aaperstitious rites of the abori- 
gines. Mica has been found in a worked and raw state in districts 
where it is not furnished by nature, and therefore may be safely classed 
among the aboriginal articles of exchange. In the State of Ubio, to 
which my observations chiefly refer, mica is not fonnd in situ, and it is 
presumed that the mineral discovered in that State was derived &om 
the southern spurs of the Alleghany Mountains. Yet, it may have 
been brought fi-om greater distances, and from various points, to its 
present places of occurrence. 



Vnrions kinds of ancient Indian stone ruanufactures frequently con- 
sist of a greenish slate, which is often marked with darker parallel oi 
concentric stripes or bands, giving the objects made of it a very pretty 
appearance. This slate is not very hard, but of close grain and therefore 
easily worked and polished. The objects made of tbis stone, which occur 
on the surfa<^ as well as in mounds, are generally executed with great 
care and regularity, and it is much to be regretted that the destination of 
some of them is not quite well known. Among the latter are certain 
straight tubes of cylindrical and other shapes and various lengths, 
which sometimes termiuat^ in a kind of "month-piece." While the 
smaller ones, which often measure only a few inches, have been thought 
to represent articles of ornament, or amulets, a different purpose has 
been ascribed to the longer specimens. Schoolcralt appears to consider 
these latter as telescopic instruments wbicb the ancient inhabitants 
used for observing the stars. This view, I think, has been generally re- 
jected. It is far more probable that these tubes, in part at least, were 
implements of the sorcerers or medicine-men, who employed them in 
their pretended cures of diseases. They applied one end of the tube to 
the suffering part of the patient and sucked at the other end, in order 
to draw out, as it were, the morbid matter, which they afterwards 
feigned to eject with many gesticulations and contortions of the body. 
Coseal calls the tubes used by the medicinemen of the Florida Indians 
a kind of shepherd's Ante {une eyaice Ae eltalumeav) and the character of 
some of the stone implements in question that have been found cer- 
tainly justifies this comparison.* Kohl saw, as late as 1855, one of the 
above-mentioned cures performed among the Ojibwaysof Lake Supe- 

■ Coiesl, Voyages anx Indea Ocoidentalea, Amaterdam, 1732, Vol. I, p. 39. 
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rior ; in this iustanee, however, the tube used by the medicine-Dian was 
a smooth hoUow bone, probably of the brnot-goose.' 

A far more numerous clasa of articles often made of the greenish 
striped slate is represented by small, variously-shaped tablets of great 
regularity and finish, which are pierced in the middle with one, two, or 
more round boles. The most A«quent shape of these tablets is illus- 
trated by the upper flgore oo Plate 28 in Vol, I of Schoolcraft^a work on 
the Indian tribes. It is that of a rectangle with sides exhibiting a slight 
outward curve. The full-size drawing of this rather large specimen ia 
done in colors, and thus affords the advantage of showing the greenish 
tint and the markings of the stone. Other tablets are lozenge-shaped, 
quadratic with inwardly-curved sides, oval, cruciform, &c.t Moat of 
them have two perforations, though specimens with only one are not 
scarce, while those that have more than two holes are of less frequent 
occnrrence. The holes are drilled either from one side or from both, 
and, accordingly, of conical or bi-conical shape. They seldom have 
more than one-eighth of an inch in diameter at the narrowest part. 
Concerning the destination of Che tablets nothing is definitely known. 
, At first sight one might be inclined to consider them as objects of orna- 
ment or as badges of distinction ; bat this view is not corroborated by 
the appearance of the perforations, which exhibit no traces of the wear 
produced by continued suspension, being, on the contrary, in most cases 
as perfect as if they had bat lately been drilled. The classification of 
the tablets as " gorgets," therefore, may be regarded as erroneous. 
Schoolcraft calls them implements for twine-making. It has been sug- 
gested that they were nsed in condensing and rounding bow-strings by 
drawing the wet strips of hide, or the sinews employed for that pur- 
pose, through the round perforations. The diameter of the latter, it is 
true, corresponds to the thickness of an ordinary Indian bow-string; 
bat also in this case the nsually unworn state of the holes rather speaks 
against this supposition. 

Being desirous to learn whether Mr. George Gatlin had seen, during 
his first sojonrn among the western tribes, anything like those tablets 
nsed by them in making bow-striuga, I availed myself of that gentle- 
man's retnm to the United States, and asked him by letter, among other 
matters, for information concerning this subject. He replied (Decem- 
ber 24, 1871} as follows: 

" Of the tablets yon speak of, I have seen several, bnt the boles were 
mach larger than those yon describe. Those that I have seen were 

* Kohl, Kitsobi-Gami, odet EnaUlongen vom Obem See, Bremen, 1856, Vol. 1, p. 
148. Compare: Teaegas, BistoijorCalifomia, LoDdoD,1759, Vol. I,p. 97,aiidBaegert'B 
AccooDt of the Aborigioal Inbabitanta of tbe CalifoniiAa Peninsalo, SmithsODian Re- 
port for 1864, p. 386. DrawiDga of the ntone tubes arc given on pp. 224-2r of the 
"Aocient Monumenta of the MiaaiBBlppi Valley." 

I Tbe varioas ebupea of these tablets, and of other perforated objects, not exactly 
tablets, but probnbly inteuded for tbe same purpose, ore represented on pages 236 and 
S37 of the "Aavient MonDinei|tB." 



^d by Google 



364 ANCIENT ABORIGINAL TRADE IN NORTH AMERICA. 

nfied by tbe Indians for grooving tbe shafts of their arrows. All airovs 
of tbe primitive IndiaoB are found with three grooves from the arrow's 
shoulder, at the fluke, extending to, and conducting tbe air between, 
tbe feathers, to give them steadiness. These grooves, on close exam- 
ination, aro found to be indent«d by pressure, and not in any way cat 
ont ; and this presaore is prodaced, while forcing the arrow, softened 
by steam, throagh a bole in tbe tablet, with the incisor of a bear set 
firmly in a handle and prelecting over tbe rim of the bole as the arrow- 
shaft is forced downward throagb the tablet, getting compactness, and 
on the snrface and in tbe groove a smoothness, which no cutting, filing, 
or scraping can produce. It would be useless to pass the bow-string 
throagh tbe tablet, for the evenness and the hardness of the strings are 
produced mncb more easily and effectually by rolling them, as they do, 
between two flat stones whUe saturated with heated glue." 

Thus, Mr. Catlin's experience is rather unfavorable to the supposition 
that the pierced stone tablets mentioned by me were used in condens- 
JDg bow-strings. Yet, after all, they probably served for some similar 
purpose, which may be clearly defined hereafter by continued examina- 
tion and comparison. I regard them as implemeuts, and not as objects ' 
of ornament or distinction.* 

The grcenish slate is frequently the material of another numeroaa 
class of Indian relics of enigmatical character. I allude to those corioud 
articles bearing a distant resemblance to a bird, which aro pierced at 
tbe base with diagonal holes, evidently for suspension, tbe traces of 
wear being distinctly visible. Tbey probably represeut insiguia or 
amulets. I have also heard the suggestion that tbey were used for 
removing the husk of Indian com.t 

Of mnch rarer occurrence than tbe articles thus far enumerated in this 
section are perforated implements somewhat resembling an axe with 
two cutting edges, or, more often, a double pick-axe, which, doubtless, 
were provided with handles and worn as badges of distinction by the 
Buperior84 These objects are for the most part elegantly shaped, bnt 
of small size, and cannot have been applied to any practical use, their 
material, moreover, consisting generally of sott stone, more particularly 
of the greenish slate in question. It is evident, therefore, that they fal< 
filled a symbolical purpose, and were employed in the manner just men- 
tioned. 

*Tbe Smithsonian Report for 1970, nhioh baa appeared since the above waa written, 
oontainB, among other ethnological matter, an account of an exploration of mounds in 
Kentucky, by Mr. Sidney 8. Lyon, Among the contents of oneof the mounds was "a 
black atooe with holes through it." / have aem thli kind of a« laafnimaiit, saya Hr. 
Lyon, uMd hs "i« Pob- Viet of Sovihwtiern Nmaia, for giving uih^onn liee to lAeJr bott-ttritigt. 
(p. 404.) 

t A gronp of these slogalar objects is represented on page 939 of tbe " Ancient Monu- 

t Schoolcraft gives on Plate 11, Tol. I, of his large work, two ooloced balf-Bise repi^ 
WDtatioDs of such implements, which he oslle " maceo." 
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Having now briefly described the most important classes of retica 
made of the striped slaM, I pass over to the principal point of Inqniry, 
namely, the extent of tbeir occDrrence. I know from personal expe- 
rience that they are found from the Atlantic coast to the Mississippi 
river, a diatance aboat equal to one-third of the whole breadth of 
the United States. It is possible that they are scattered over a far 
greater area. In 1848, when Sqoier and Davis published their work, in 
which aboriginal manafactures were forthe first time accurately described, 
they could not specify tbe locality from which the oft-mentioned slate 
was derived. Since that time geological surveys have been made in all 
States of the Union, and the places of its occurrence are no longer nn- 
known. It appears, I am informed, as tbe oldest sedimentary forma- 
tion, in quite considerable masses along the Atlantic coast, and has 
been observed from Bhode Island to Canada. This slate is not believed 
to occur iu other parts of the Union, and it may be presumed, therefore, 
that it was brought from the Atlantic coast-districts, either in a ronghor 
already worked condition, to the more western regions of the United 
States. 

FLIBT. 

Tbe real flint {Feuerstein in German) which is found abundantly, in 
rounded pieces or nodules in the cretaceous formations of the countries 
bordering on the Baltie, of England, France, &c., and which has played 
such an important part in the prebistoric ages of Europe, does not seem 
to occnr within the United States. For this information 1 am person- 
ally indebted to Professor James D. Dana. On tbe other hand, many 
parts of this country are very rich In various kinds of stones of a sili- 
cions character, which, in consequence of their hardness and conchoidal 
fracture, were well fitted to replace tbe missing variety in the produc- 
tion of chipped implements. Theterm "flint,''tberefore,isn8edhereina 
rather extensive sense, comprising bomstone, jasi)er, chalcedony, fer- 
ruginous quartz, Sweetwater quartz, milky qnartz, aemi-opiilic stones, 
ifce., and tbe numerous transitions from one quartzy variety into another, 
for which the science of mineralogy has no special denominations. The 
common white qnartz, also, I may remark iu this place, and tbe trans- 
parent rock-crystal, were used for pointing arrows; and in dii^tricts 
where harder stones were scarce, even slates and greenstones served as 
substitutes for them in the imbrication of arrow and spearheads. 

As in Europe, so also in the United States, places have been discov- 
ered where tbe manufacture of flint implements was carried on. These 
"open-air workshops" (ateliers m plein air) are by no means rare in 
North America, and they begin to attract considerable attention since 
tbe successful archteological researches in Europe have stimulated to 
similar pursuits in this country. As the North American tribes all used 
the bow, and consequently were in constant need of arrowheads, the 
manufacture of the latter took place in many localities, especially in 
such as furnished the stones most proper for that purpose. The Sjoek- 
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kenmoedding at Keyport, New Jersey, described by me in the Smitfasoo- 
i»n Report for 1804, evidently was one of the places where flint imple- 
ments were made by the natives. I not only saw there among tbe sbell- 
heapa countless chips of flint, but found also a number of nnflnished 
arrowbeatis, wLich had been thrown aside on account of a wrong crack 
or some other defect in tbe stone. ■ Tbe necessary material was here far- 
uished on tbe spot, in tbe shape of innumerable water-worn pebbles of 
silicions character, wbich lie intermixed with the shells. Among the nn- 
flnished arrowheads picked up by me at this place there are some which 
exhibit a part of the smooth water-worn surface of the pebble Irom 
which they were made. 

In the middle part of the Mississippi valley, where I lived many 
years, and had occasion to make various observations, tbe Indians were 
amply provided by nature with the material employed in the fabrication 
of spear and arrowheads. The prevailing rock of those regions is a 
limestoue in which several of the varieties of the qnartz family are 
found, either in layers or in irregular concretions. In tbe bluff forma- 
tions of tbe "American Bottom" in Illinois, for instance, I have traced 
myself layers of bortistone, cbalcedony, &c., for the distance of miles. 
In the districts under notice, moreover, tbe surface is covered here and 
there with many siticious pebbles and boulders, which furnished an 
inexhaustible supply of avadable material. 

An important locality to which the aborigines resorted, perhaps from 
great distances, for quarrying flint, is in Ohio, on the line of a calcareo- 
silicious deposit, called "Flint Eidge," whi<;h extends through Muskin- 
gum and LickiugCoanties of that State. "The compact siheious mate- 
rial of which this ridge is made up," says Dr. Hildretb, " seems to hare 
attract«;d the notice of the aborigines, wbo have manufactured it largely 
into arrow and spearheads, if we may be allowed to judge from the 
numerous circular excavations which have been made in mining tbe 
rock, and tbe piles of chipped qnartz lying on the surface. Bow exten- 
sively it bas been worked for these purposes, may be imagined from the 
countless number of the pita, experience having taught them that the 
rock recently dug from the earth could be split with more freedom 
than that which had lain exjwsed to the weather. These excavations 
are found tbe whole length of the outcrop, but more abundantly at 
'Flint Bidge,' where it is most compact and diversifled with rich 
colors."" 

The Indian working-places of which I spoke are not always met in 
tbe neighborhood of those spots where flint was quarried or otherwise 
abundant, but also sometimes at considerable distances from the latter, 
in which cases they are, of course, of comparatively small extent 
Their existence, however, proves that the material was transported lh)m 
place to place, and thua assumed the character of a ware. Colonel 

* Hildretb, in Mathei's First AuDnal Report on tbe Geoloj^ical Sarvef of tbe State 
of Ohio, ColumUoa, 1838, p. 31. 
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Charles C. Jones, of Brooklyo, who has paid particular attention to the 
former history of his native State Georgia, iuformed me lie had ob- 
served qaaotities of silicious stone, snrrounded by uuniei-ous tejected 
fragments and nn&nished apear and arrowbeads of the same material, 
iu distrieta of that State where far and near no quartz minerals occur 
tn titu. He showed me a number of these incomplete flint objects ob- 
tAiued from sach places. 

For the fact that stones for arrowheads formed an object of traffic 
among the natives, even historical evidence is not wanting. I refer to 
a passage in the relation of Cabe^a de Taea, the tirst European who 
has given an account of the interior of Ifortb' America. Tbe passage 
iu qoestion will be quoted in a subsequent section. 

I am of opinion that flint in a half-worked state, that is, in flattish 
pieces roughly chipped around their circumference and presenting 
irregular heart-shaped, oval, or round outlines, formed an object of ex- 
change, and as such was transported to places far distant from the sites 
which fbruisbed the raw material. Those who quarried the flint fash- 
ioned it in this manner for the sake of saving space and for easier tran- 
sportation. Smaller or greater qnantities of such worked flint frag- 
ments of homogeneous character are sometimes found in tbe earth, 
where the natives had buried them, believing that flint splits more 
readily when recently taken from the ground. These deposits, however, 
are not always composed of pieces which required further chipping iu 
order to receive their final shape, but also sometimes of finished imple- 
ments. I have treated of these buried deposits of flint objects iu an 
article published ia the Smithsonian Report for 1868, to which I refer 
in order to avoid repetitions.* Tbe agncaltural implements of East 
St. Louis, described in that article, are very skilfully executed 
mannfoctures of tbe aborigines ; the large flint discs, on the contrary, 
which, as 1 mentioned, Messrs. Sqnier and Davis Ibnnd in great num- 
ber in a monnd of ■' Clark's Work " la Ohio, and the rude flint objects 
of elongated ova) outline from the bank of the Mississippi between 
St. Louis and Carondelet, present, in all probability, only rudi- 
mentary forms of implements, and were destined to be finished at a 
future time. It cannot be doubted that the stone of which the discs 
of Clark's Work are made was derived from the quarries of Flint 
Kidge. This fact has been established by careful comparisons. Tbe 
stone in question is designated as bomstone. It is a beautiful ma- 
terial, resembling in color and grain certain varieties of tbe real 
European flint, and is sometimes marked with darker or lighter con- 
centric bands, the centre of which is formed by a small nucleus of 
blue chalcedony. These bands are particularly observable on the sur- 
faces which have ondei^no a change of color by exposure. The stone, 
in general, possesses qualities by which it can be recognized at once, 
even when met in a wrought state far fhim its original place of occur- 

* A DepoHt of Agticdltnral Flitit Implements in Soathem Ulinois, p. 401. 

Cookie 
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rence. According to Mr. Squier, arrowheads made of tbis homBtone 
bave.been I'ouDd in Keutncky, Indiana, IlliiioiB, and Michigan. That 
tbey occnr in Illioois, I can attest from perBonal ezperieuce. 

A very remarkable find of objects maDofoctured from tbe bornstone 
of Flint Bidge occurred in the summer of 1869 on the farm of Oliver H. 
Mullen, oear Fayetterille, in St. Olair Ooonty, of the State of Illinois. 
Some children, amusing themselves near the bam of that farm, happened 
to dig into the ground, and came upon a deposit of fifty -two disc-like 
flint implements, which lay closely heaped together. I obtained a num- 
ber of these implements tbroagh my indefatigable eo-laborer. Dr. Pat- 
rick, of Belleville, Illinois. They coincide in shape with those of Clark's 
Work, but are somewhat smaller, and not, like the latter, superficially 
prepared objects, bat highly-finished implements. This fact is shown by 
the careful chipping of the edges, to which sharpness and roundness have 
been imparted by small and carefully measurfHl blows. Unlike tbe de- 
posit of East St. Louis, which consisted of perfectly new implements, 
that of Fayetteville was made up of such as had already done service. 
To this conclusion I am lead by the character of their edges, which ex- 
hibit a slight wear or polish. 1 regard these implements as wraping or 
tmoothirtg tools, to which purposes they were well adapted by their 
shape ; and I have but little doubt that the less finished discs of Clark's 
Work were to be converted, by further chipping, into implementfl of tbe 
same kind. 

In connectiou with the object, however, which I have iu view in this 
essay, the identity of the stone of Flint Bidge with that of which tbe 
tools found at Fayetteville in Illinois consist, is the point that deserves 
particular consideration. This identity admits of no doubt I was 
convinced of it at first sight when I received the implements from Fay- 
etteville, and so were Messrs. Squier and Davis, to whom I showed my 
specimens. Tbe direct distance from the quarries at Flint Bidge to 
Fayetteville is about four hundred English miles, and thus far, at least, 
the stone was exported, in a rudimentary or finished Bha[>e, from its 
original site. 3o much is certain ; but it is not unlikely that implements 
made of this homstone will be found hereafter at still greater distances 
from the quarries in Ohio. 

BED PIPESIONE. 

The celebrated red pipestoue, that highly-valued material employed 
by the Indians of past and present times iu the manufacture of their 
calumets, occurs in Htu on tbe Cotean dee Prairiee, an elevation extend- 
ing between the Missouri and the headwaters of the MississippL 
This is the classical ground of tbe surrouoding tribes, and many le- 
gends lend a romantic interest to that region. It was here that the 
Great Spirit assembled the various Indian oatious and instructed them 
in the art of making pipes of peace, as related by Longfellow iu his 
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cbarming " Song of Hiawatha." Even hostile tribes met here in peace, 
for this district was, by common consent, regarded as nentral ground, 
where strife and fends were snspended, that all might resort anmolested 
to the qnarry and sapply themselves with the mach-prized red stone. 
This material, though compact, is not hard, and therefore easily worked, 
and, moreover, capable of a high polish. It consists chiefiy of silica 
and ainmina, with an admixture of iron, which produces the red color. 
American, and probably also European, mineralogists call this stone 
Catlinite, in honor of the zealous ethnologist and painter, Catlin, who 
was the first to give an accurate account of its place of occurrence, and 
to relate the traditions connected with the red pipestone quarry.* Thiii 
locality is the only one in North America where this peculiar stone is 
found, and it is doubtful, indeed, whether Id any other place on both 
hemiB]iltereB a mineral substance is met which corresponds in every re- 
spect to the oue in question. 

The enterprising Jesuit missionary, Marquette, whose name is for- 
ever linked with the exploration of the Mississippi, smoked already in 
the year 1673 the pipe cf peace with the Illinois Indians, and gives the 
following csact description of that important utensil, the bow) of which, 
it will be seen, consisted of the red stone of Coteau des Prairies. "It 
ia made of a polished red stone, like marble, so pierced that on» end 
serves to hold the tobacco, while the other is fastened on the stem, 
which is a stick two feet long, as thick as a common cane, and pierced 
in the middle ; it is ornamented with the head and neck of different 
birds of beautiful plnmage; they also add large feathers of red, green 
and other colors, with which it is all covered.''^ His ecclesiastical snc- 
cessors also frequently mention the red pipes in their writings, but none 
of them, as far as I know, allndes to the locality where the stone was ob- 
tained. The tirst notice referable to that place, I found in the " History of 
Louisiana" by DuPratz, and even bis statement is totally erroneons as far 
aathesitaatioQoftbequarryiaconcerned. "Outhe bank of the Missouri," 
he says, " *;here is to be seen a pretty high cUff {Score), which rises so 
abruptly from the water that the nimblest rat could notclimb it. From 
the middle part of this cliff projects a mass of red stone, which ia 
marked with white spots like porphyry, from which it differs, however, 
by inferior hardness, being almost as soft as tufa. It is covered by an- 
other kind of stone of no value, and rests upon tbe same sort of earth 
that forms tbe other hills. The inhabitants of the country, knowing 
the applicability of that stone, are in the habit of detaching pieces of 
it by arrow-shots, which pieces, falling into the water, are recovered by 
diving. From fragments of sufficient size they make calumets, nsing 
their knives and awls in mannfacturing them. This stone can be 

■ Cktlln, North Amerieao ludiaaa, Loadon, IIM8,VolII,Lett«n54 aod 55. 
t Sbea, UiscoTery Bud Exploration of tbe Muusiippi Vftller, New York, 1852, p. 3Ct. 
24 8 
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worked withontdifficnlty and resiststbeflre very well."* Learingaside the 
incorrect descriptioD of the locality and of the character of occurrence, 
the stone here mentioned correspoDdsexactly to thatof Ooteaa des Pnti- 
ries, the latter being, indeed, very often mariied with lighter ftbongh 
not white) spots, which give it a perfectly porphyritic appearance. 
I have seen many raw pieces of the red pipestoue and have some my- 
self, in wbicli this pecaliarity is prominently exhibited. The naworked 
stone is asaally of a dull pale red, the beigbtened color appearing only 
alter the process of polishing. 

Carver, who explored the region of tbe Upper Mississippi in 1766-'6S, 
mentions tbe red stone, bat does not aeem to have visited its place of oo- 
cnrrence, whicb he marks on his map as tbe "Conntry of Peace." He 
also 8tat«8 distinctly in hiawork that even individoals belonging to bos- 
tile tribes met in peace at the "Bed Mountain," where they obtained the 
stone for their pipes.f This sbows that, at his time, tbe neutrality of the 
district was still respected. This laudable regulation, it also appears, 
had not yet become obsolete in tbe beginning of tbe present centoiy, 
for on the map accompanying tbe work in which Lewis and Claire 
describe tbe territories explored by them in 1804^'fl, tbe locality in ques- 
tion is tbns designated : " Here the different Tribes meet in Friendship 
and collect Stone for Pipes." Yet, about forty years ago, when Gatlin 
visited the Coteau des Prairies, the warlike Sionx or Dakotabs had 
usurped the ezolnsive authority over tbe quarry, not permitting their 
enemies to provide themselves with stone. Oatlin and bis English 
traveling companion encountered at first difficulties on their way to tbe 
quarry, a band of those Indians trying to prevent tbem from going 
there. " As this red stone," the warriors said, *'was a part of their 
flesh, it would be sacrilegious for white men to touch or take it away; a 
hole would be made in their flesh and tbe blood could never be made to 
stop ruDning."! When, subsequently, after Catlin's return from the 
quarry, an old chief of tbe Sacs saw some pieces of the r^d stone iu tbe 
traveler's possession, he- observed : "My friend, when I was young I 
nsed to go with our young men to the Mountain of tbe Aed Pipe and dig 
out pieces for our pipes. We do not go now, and our red pipes, as you 
see, are but few. Tbe Dakotahs have spilled the blood of the red men on 
that place and the Great Spirit is offended.''^ 

Mr. Gatlin is of opinion that the Indian quarrying operations at 
Coteau des Prairies reach back into far remote times, basing his %iew 

■ Dd Prate, HUtoire de la Lonisiaiie, Faris, 1758, Vol. I, p. 336. Tbe paas^e hi 
qneatioo fa not quite dear. It remains doubtfnl whether DuPrabi, tnapeakiog of tbe 
stone resembling porpbjiy, relates wh&t he liM board bimself, oralladee to the jonr- 
,nal of M. de Bourgmont, to whiob be refera on the preceding pa^^e. The last-nMn<td 
cavalier undertook, iu 1724, an expedition to the ooantry of the Padoacas, or C«- 
mancbM. The erroDeoiis acooant maj' be dae to tbe native*, whopntposely miqtlaMd 
the local it;r of the qnarry. 

t Carver, Travels, p. 78. 

ICatlin, Vol. II,p. 166. 

t Ibid., Vol. U, p. 171, 
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chiefly on th« traditions of the Indians, which certainly indicate a com- 
paratively long acquaintance with the locality. It appears, however, 
hardly admissible to ascribe a very high antiquity to the qaarry, consider- 
iDg that thus far no pipes or objects of ornament made of tbe red stone 
have been discovered in the oldest tnmnli of the Mississippi valley, and 
the resalts of a recent ezamination of the Cdteau des Prairies by Dr. 
P. V. Hayden likewise tend to detract ranch from the supposed antiquity 
of this aboriginal place of resort. According to Dr. Hayden, the layer of 
Catlinite, hardly a foot in thickness, rests upon a gray qnartzite, and 
there are about five feet of the same gray qnartzite above it, which the 
Indians had to remove with great labor before the pipestone could be 
secured. A ditch from four to five feet wide and about Ave bnndred 
yards in length indicates the extentof work done by the Indians. Only 
about oue-fonrth of the pipestone layer, t^in as it is, can be need for the 
manufacture of pipes and other objects, the remainder being too impure, 
slaty, or fragile. Dr. Hayden describes the place as nnpictaresque and 
deficient in trees. He foand no stone implements in the vicinity, nor 
did he learn that any had ever been found ; rusty iron tools, on the 
other hand, are frequently discovered. According to his view, the quarry 
belongs to a comparatively recent period.! 

ITevertheless tbe fact seems to be well established that the surround- 
ing tribes resorted for many succeeding generations to this locality, and 
that it formed a neutral ground, which they approached with a kind of 
enperstitioas awe. The Indians looked upon the red stone as a particu- 
larly Taloable gift of the Great Spirit, and Gatlia relates from personal 
observation that they humbly sacriflced tobacco before five huge boul- 
ders of granite near the quarry, in order to acquire the privilege, as it 
were, to take away a few pieces of the stone.t At present the settle- 
ments of the whites are advancing toward that interesting spot, which 
lies now, indeed, within the State of Minnesota, close to its western 
border, and in a county to which the name "Pipestone' has been given. 
A commanication from Dr. Hayden informs me that tbe place is still 
visited by Dakotah Indians, but not very frequently, and without the 
observance of those ceremonies which formerly appeared indispensable. 
Kot much longer, however, will tbe red man be seen to make his pil- 
grimage to the qnarry of Ooteau des Prairies. 

Mr. Gatlin has published very good drawings of tbe red pipes, which 
are, moreover, familiar to every one who has paid some attention to 
Indian matters. Some of them bear testimony -to tbe skill and patience 
of tbetr makers, who, in most cases, probably possess no other imple- 
ments than the knives and flies obtained from the traders. The cylin- 
drical or conical cavities in the bowl and neck of these pipes are drilled 
with a hard stick and sharp sand and wat«r.$ 

' Hayden, in AmericBn Joomftl of Scieooe and Arts, ToL XLIII, Janvary, 1S67. 

t Catlln, Vol. U, p. 166. 

tCaUiD,TDl.I,f.334. 
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Not loDg ago a small Oatliiiite pipe of nnasnal shape ^aa sent to me, 
wbich had been ploughed np iu a maize-field near GeDtreville, in Southern 
Illinois (St. Clair Gonnty). Sach older specimens are even met id 
t he New England States, near the Atlantic coast. The collection of the 
Smithsonian Institute contains some pipes and ornaments made of Cat- 
liiiite, which were taken from Indian graves in the State of New York, 
or obtained ftom the Iroqnois still inhabiting the sameStat«. The raw 
or worked red pipestone, tberefore, constitated an article of barter, 
whii^b was broaght from its original place of occurrence to the present 
Eastern States of the Union. A passage in Loskiel, who chiefly treats 
of the Delawares and Iroquois, refers to this trade. In describing the 
pipes of those Indiana, he says : '* Some are mannfactared from a kind 
of red stone, which is sometimes broaght for sale by Indians who live 
near the Marble river, on the western aide of the Mississippi, where they 
extract it («tc) from a mountain,"" This passage, it will be noticed, im- 
plies a direct trade-connection of great extent, the distance between the 
red pipestone quarry and the Northern Atlantic States being equal to 
twelve or thirteen hundred English miles. 



A snbstance pleasing to the eye, and easily worked, sach as is offered 
by nature in the shells of marine and fre«h-water molluaks, could not 
fail to attract the attention of men in the earliest times. The love of 
personal adornment, moreover, already manifests itself in the lowest 
stagea of human development,! and shells being, above other natural 
productiona, particularly fitted to be made into ornanienta, it is not sur- 
prising that they were employed for that purpose in all parts of the 
world. The North American tribes m8<le an extensive use of the shells 
of the sea-(-x)ast as well as of those of tfaeir rivers, and fossil marine 
shells were also employe<1 as ornamenta The valves of recent marine 
mollusks, indeed, must have been widely circulated by barter, coosider- 
iog that they are found, in the shape of ornaments, and sometimes of 
utensils, in the interior of North America, at great distancea from the 
shores of the sea. The oldeat reference to the shell-trade among the 
aoorigines is contained in the remarkable account of the Spaniard 
Alvar Nufiez Cabc^a deVaca, who accompanied in the year 1327, as 
treasurer and alganzil mayor, the unfortunate Pampliilo de Narvaez oti 

* Loskiel, Mission der evaogeliscbeD BrUder unter den iDdiaueni in Nordamerika, 
Biirby, 17d9, p. 66. 

t It is probable that the barbarona manufacturers of the mile flint tools fonnd, asao- 
uinted with the bones of extinct Hnimals, in the dilnvial deposits of Northern France, 
used suall ronnd petrefaots of tbe chalk {Co«einopora globviarit, D'Orb.) as beads, by 
stringing them together, these petrified bodies being provided by oataie nitb holea 
passing throogh their middle (Lyell, Antiquity of Man, p. 119). Personal vanity is a 
promineut feature in tbe obaraoter of the North American Indians. Among tbe mla- 
eiable Boot-Diggers an old woman has been seen, who "hadsbaolntely Dotbiogon 
her person but a thread Mund her neck, from whi^ was pendent a solitary bead.' 
(Irving, AdventnroB of Captain BonDevllle, p. !6I.) 
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his expeditioD for the conquest of Florida The leader aod nearly all 
hia followers having perished, Cabe^a de Taca, one of the survivors, 
vandered with his companions for many yeats through North America, 
until he finally succeeded in reaching the settlements of his couutry- 
men near Caliacan, in the present Mexican province of Sinaloa, after 
having traversed the whole continent from the Floridtan peninsulii to ttic 
Pacific coast. The description of his adventures and safiTeringa forms 
oue of the most remarkahle early works on North America, being, in- 
deed, the first that treats of the interior of the country and of its na- 
tive population. For the latter reason it is of particular v»lue to the 
ethnologist, presenting, as it does, the Indians as they were seen Uy ihe 
first white visitors." While he sojourned among the Charruco Indians, 
a tribe inhabiting the coast, lie carried on the business of a trader, 
which, as he observes, suited him very well, because it prot<*ted him at 
least from starvation. The excursions undertaken in the pursuit of bis 
tradesometimes extended as far as forty or fifty leagues from thecoast into 
the interior of the district. His wares consisted of pieces and "hearts" 
of sea-sbells {peda^^oa de earacoleii de la mar y coraponeg de ellos), of 
shells employed by the Indians as cutting implements, and of a smaller 
kind that was used as money. These objects of trade he transported 
tO parts distant fVom the sea, exchanging them there for other articles 
of which the coast-people were iu want, such as hides, a red earth 
for painting their faces, stones for arrowheads, hard reeds for shatliug 
the latter, and, finally, tufts of deer's hair dyed of a scarlet color, which 
were worn as head-dresses-t This passage, indeed, is of particular in- 
terest in connection with the subject treated in this essay, because it 
affords not only some insight into the system of Indian trade, but like- 
wise informs us that among the objects of exchange those were con- 
Bpicaous which served for the gratification of personal vanity. By the 
" hearts" of sea-shells Cabe^a de Yaca understAuda the spines or co(u- 
melte of large conchs, which parts were worked by the aborigines into a 
kind of ornament, of which more will be said hereafter. 

Large quantities of shell-ornaments, mostly destined to be strung 
together or to be worn as pendants, have been found iu the sepulchral 
mounds and other burial-places of the Indian race. In Ohio, accord- 
ing to Messrs. Squier and Davis, beads made of shell and other mate- 

* Tba importance of Cabe(a de Vuca'a work, it eeama to me, baa been andervuluttl, 
perbsps on account of the marTeloDa cores wbiob be preteods to bave performed 
amon); tbe oativea. Imbued with Ibe eaperBtitinoB of bis time, be probably believed 
Id bia oirn powers of healing tbe sick io a avpomutnral way. When th««e incrediblu 
details are tukrrn away, there remaios mncb in tbe book that deaerves the higboat ap- 
preciatjun. Acconlin); to Arthur Helps, a most careful investigator, bis accoiiul 
" bears every mark of truthfnlness." Sea : Helps, Tbe Spanish Conquest in America, 
Harper's eilition, Vol. IV, p. 3OT. 

t Relation et SaatiBgus d'Alvar Nu&es Cubega de Vaca, (Tenmux-Compans Col- 
lection), Paris, lei37, p. iil, &C. TheSpaoieh original appealed in the ;ear 1555 at 
TklladoUd. 
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rials occur even wore frequently in tbe sacrificial moniids than in those 
of a sepalchral character, a circnmstaDce that may be accouuted for by 
the value attached to these objects by their owuers, who deemed tliem 
TForthy of being offered in their sacrificial rites. The methods employed 
by the mauufacturers doubtless being of the most primitire character, 
each shell-bead was the result of a certain amount of patient labor, and 
consequently was esteemed according to the time and art bestowed ou 
its production. . 

The lutlian Bhell-ornament in its simplest form consisted of entire 
specimens of small marine univalves, Such as species of Marginella, 
Natica, and Oliva, which, aft«r being conveniently pierced, conld be 
strung together at once without further prepara^on, and worn as neck- 
laces, armlets, &c. The above-mentioned kinds were met by Sqoier and 
Davis in the monuds of Ohio, and in opening the Gmve Greek Mound 
five hundred specimens of Marginella were obtained near one of tbe 
skeletons. Some time ago, I received pierced specimens of Marginella, 
recovered in removing a mound at East St. Lonis, in Southern Illi- 
nois, which, I believe, contained a great number of them. Small sea- 
shells appear to be particularly abundant in the Indian graves of the 
Gulf States. More than a hundred years ago, it was noticed by Carver 
that sea-shells were much worn by the Indians of tbe interior parts- 
he chiefiy refers to tbe Dakotahs on tbe Upper Mississippi — and reck- 
oned very ornamental. He conld not learn bow they procured them, 
but thought they were obtained by trafBc with other nations nearer the 
sea.* Small /c»nl marine shells were sometimes used for tbe same pur- 
pose. In an article published in tbe Smitbsoniau Beport for 1868, 1 
have stAted that a large namber of sucb fossil shells were found, asso- 
ciated with agricultural fiint implements, under the surface at East 
St. Louis, the place already mentioned.f They belonged almost ex- 
clusively to the genus Cmtovulut (Melampm), and many of them were 
prepared for stringiug by a lateral perforation, as shown in the drawing 
(on p. 404) representing one of those shells. My huowledge, however, 
that the Indians used small fossil sea-shells as ornaments is not confined 
to tbe case in question, and I presame that many of the small marine 
shells taken from the mounds, which are considered as belongiug to 
recent species, are, in reality, of fossil origin. Other fossil remains in 
a worked state, it may be mentioned in this connection, were obtained 
from the monuds of Ohio, as, tor instance, shark's teeth, aud others ol 
considerable size, perhaps belonging to a cetaceous animal. The for- 
mer are notehed on both sides, or pierced at the lower end, and may 
have served, respectively, aa amulets, arrowheads, or cutting imple- 
ments. 

Yet, tbe number of entire sea-shells employed as beads hy tbe natives 

• Carver, TniTels, p. 151. 

I TUeir fosail cUaractei woa first pointed oat tn me by a competent oonchologut. Hi. 
TbomM Bland, of Brooklyn. 
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apitears insigoiflcant when compared with the enormous qaantity of 
objects of the aame class, which they manafactnred ftom fragmeots 
of the valves of mariite and fluviatile shells. These wrought beads ex- 
hibit various forms and sizes, but, accordiDg to m; experience, are 
mostly found in the shape of more or less regulat sections of cylioders, 
pierced through the centre. They are often proportionately thick, but 
sometimes rather thin, resembling the small bone buttons of commerce. 
I have shell-beads from different parts of the United Btates. Most of 
them are small, not exceeding six or seven millimetres in diameter ; my 
largest specimens, however, have a diameter of do less than twenty- 
eight millimetres. These latter, which were found, some time ago, with 
skeletons in the now leveled " Big Mound" at St. Louis, are very Qnt 
in proportion to their diameter, and may be called discs rather tliau 
beads. They are evidently made from the valves of species of Unto of 
the Mississippi valley. Tbese and other shells, which abound in many 
rivers of the United States, fluently may have furnished the material 
for ornaments, especially in districts remote from the sea-coast. The 
holes of Indian shell-beads generally are drilled from both sides, and 
therefore mostly of a bi-conical shape.* The colored glass beads and 
enameled beads often foand in Indian graves are, of course, of Euro- 
pean origin, the art of making them being unknown to the aborigines, 
nod their occurrence in Indian burial-places, therefore, indicates that 
the interment took place at a period when an intercourse with the 
whites already bad been established. Of the so-called wampum-beads 
I shall speak at the close of this section. 

The largest and therefore tbe most esteemed beads and pendants, 
however, were made by the Indians from the columellce, or, as Gabe^a 
de Vaca expresses it, from the "hearts," of large conchs, among which 
the Strombvs gigtu seems to have been most frequently used. These 
beads are more or less cylindrical, or globular, and always drilled length- 
wise. Some are tapering at both ends, resembling a cigar in shape, I 
have seen specimens of two and one-half inches in length. The aborigines 
also made from the columellfe of large marine nuivalves peculiar pin- 
shaped articles, consisting of a more or less massive stem, which termi- 
nates in a round knob. Professor Wymau mentions, in the Third Annual 
Report on tbe Peabody Museum (1870), a specimen of this kind found 
in Tennessee, which is five inches long, with a head an inch in diame- 
ter. In tbe collection of Colonel Charles 0. Jones, of Brooklyn, there 
are quite similar specimens of this class. Their destination is yet unex- 

* Flat shell-beodB are among the oldest aatiiiaitiesot Europe. Lartet foand them in 
tbe grotto of Aarigniw, which served oa a bnrial-place at n period, when the cave-bear, 
cave-hyeoa, nnuiimoth, rbinoouroB, Sic, still existed. Some small flat beads iu my poa- 
seeaioD, made of Cordiun, which were obtaioed from a dolmen in Southern Francn.caa- 
not be distingaisfaed fhnn similar prodactions of tbe North American IiidiaDs. Entire 
eeft-obelU (mostly Lilorina Htorta), pierced for Btriii|{ing, oconrred in the cave of Cro- 
MagDOD, iu tbe valley of the T^z^re. Pierced valves of fossil sea-sbells were funnd at 
other statious of tbe reindeei-period id the same valley, &o. 
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plained : they were perhaps attached to the head-dress, or worn ats otna- 
ments ia some other vay. The oDwronght colamells of large sea-shells 
have been foand at considerable distaoces &om the coast, as, for io- 
ataace, in Ohio and Tenoessee. 

1 have seen some very old Indian Bhelt-omaioenta, which were worn 
suspended from the neck, like medals or gorgets. They are round or 
oval plates, fh>m two to fonr inches in diameter, on which varioas de- 
signs, sometimes qnite tasteful, are engraved or cut through. In some 
instances their ornamentation consists in regularly disposed perfora- 
tions.* 

Very large sea-shells of the nnlvalTe kind, either in their natural 
state or more or less changed by art, freqaently have been found in In- 
dian burial-places and in localities generally, where the traces of Indian 
occupancy are met. Si>ecies of the F^nUa and Cagais occur most fre- 
quently. By the removal of the inner whorls and spines, and other 
modifications, these shells are sometimes prepared to serve as drinkiiig- 
vessels and dishes. Professor Wyman speaks in the before-mentioned 
report of such vessels obtained from Tennessee and Florida, which 
are made from shells of the Pjfrula perversa, Lam. One of the vessels 
measures a foot in length, though the pointed end is wanting. Dr. 
Troost gives the description and representation of a large, entirely hol- 
lowed Catsig ftammea. Lam., found in Tennessee, which served as the 
receptacle of a kneeling human figure of clay, to which he attribntes 
the character of an idol.f I saw in the collection of Colonel Jonea, of 
Brooklyn, a Caasia, likewise hollowed, which is eight inches and a half 
long, and has a diameter of seven inches, where its periphery is widest. 
This specimen is one of two which were found near Clarksville, Haber- 
sham County, Georgia, in one of those Indian stone-graves, which are 
met, sometimes many of them together, in various paits of the United 
States.; 

In the State of Ohio, where the former inhabitants have left the most 
conspicuous traces of their occupancy in the shape of nnmeroos earth- 

* "Thof oft UD times make, of tbiaebell, a sort of gorge, nhicb tbey nuar aliont tbelr 
neck Id n Htring ; bo it liangs ou their collar, nhereOD BuniPtilDPS is engraven a CfoiB, 
or BOine (mI<I Hurt of figure, which comtw next va their fancy. The goTgm will soiu»- 
limeH »m11 fur three or fonr btickHkioe read; dnwaed." Lawson, Hietor.v of CarolioA, 
LouiloD, 1714; reprint, Ralei^b, IrtoO, p. 315. For dravinga ei^e Schoolcraft, Vol.1, 
jilaUi 19, ligure 'i, and plate 25, figures 'iS and 30 ; alio, Morgan, League of the Iroquoia, 
p. :te9. 

t Traiiaaotiona of the American Ethnological Society, Vol. I, p. Wl. 

(The Htooc-gTikVe iu qnestioD contained a skeleton, mach decayed, and, besides Uw 
tiro Ctutifl-sb ells, stone axes and chiaels, eomo perforated objects of stone, die. The 
most important piece, however, wits a cupper axe, which deserves parlicnlar mentioD, 
This axe ia very long, but narrow and tbln, and shows on both sides vet; distinctly 
the frictioD produced by having been iuserleil into the split end of a wooden bMidlo. 
The objects fonnd in Ibis gntve are all iu the posseasion of Colonel Jones, who intend* 
to publish an illustrated description of tbis find ia his forthcoming work on the an- 
tiqnities of Qeorglo. 
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vorks of various descriptions, and sometimes of stnpendouH extent, these 
large Bhells of marine mollDsba are of ft«queQt occarrence. Atwater 
already mentions them in the first volame of the Archieologia Ameri- 
cana, published in 1820. What Sqnier and Davis observed in regard 
to sea-shells generally during their investigations in Ohio, 1 will reca- 
pitulate here in a few words. They foand in the mounds the smaller 
shells already -specifled, namely, Marginella, Oliva, and Xatica, as well 
as entire specimens or fragments of CasaU and Pyrula pemerta^ and also 
the unwrought columellas of a large species of conch, probably Strombua 
gigas. Entire specimens of the Pyrula perversa^ they state, frequently 
have been discovered outside of the mounds, in excavating at different 
points in the Scioto valley. They found in one of the mounds a large 
Cassia, from which the iuner wborls and colnmella had been removed, 
to adapt it for nse as a vessel. This specimen, eleven inches and a half 
in length by twenty-four in circumference at the largest part, is now in 
the Blackmore Museum.* 

The above-mentioned -marine shells, all pertaining to tropical or aemi- 
tropical regions, occur in the United Stat«s only on the eastern shore of 
the peninsula of Florida (perhaps a little higher northward) and on the 
coast of the Onlf of Mexico. From these localities, therefore, they must 
have found their way into the interior. Adopting, for example. Gape 
SL Bias, in the Mexican Oulf, and the centre of Ohio as the limits of 
shell-trade from south to north (an estimate probably much below 
reality), we find an intervening distance of nearly eight hundred Eng- 
lish miles. 

Having repeatedly alluded to large sea-shells prepared by the abo- 
rigines to serve as vessels, I will also mention that the Florida Indians, 
when first seen by Europeans, nsed such shells as drinking-cups. This 
we learn from the plates and descriptions contained in the "Brevis Nar* 
ratio,"of Jacques leMoynede Morgues, in the second volume of DeBry'a 
"Peregrinationes" (Francoforti adMoenum,1591). Plate 19 represents 
Indian widows who have cut off their hair in token of mourning, and 
scatter it over the graves of their husbands. On the graves are de- 
]»osited hows and arrows, spears, and the large shells " out of which 
they drank."t The same shells may be seen on Plate 29, where warriors 
use them as drinking-cups. Plate 40, finally, illustrates the ceremonies 
which were performed at the death of a chieftain. The tomalus is 
already heaped up, and around its base arrows are stuck perpendicu- 
larly in the ground. The drinking-vessel of the deceased, a large shell, 
is placed on the top of the moand.t Tboagb the shells are figured quite 
large in these plates, it is impossible to perceive to what species they 

'Aoclent MouDmeuts, p. S83. 

I The accompBDying text Tixaa thus : "Ad Morifomm Mpulora perrtnicniea, capiUo* tuft 
aartiiu jntEKCont, niiaqae per ttpulcra ipanit, ntaritannn orma f concAiu ex quilmi bib&- 
bani ibidrm adjiciunt, ix itrtmionim nromm memoriam." 

t In the text : " De/imcto aiiqito Btge tjut Piwindm, magna toiemnitaU ttftHiar, f tju 
lammlo eraltr, i gno bibtn takbat, imponitur, deficit oiroa ipmni liimHinm mHitt* lagittU," 
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beloQg. Le Uoyne drev his aceaes of Indian life many years after bifi 
' retaru from America, while living in England, and as he executed these 
delineations from memory, they are donbtlesB deficient^ in that minate- 
oesB of detail which entitles to safe comparisoDB and dednctions. 

Among some tribes of the interior marine shells seem to have been 
looked npoD with a kind of religions reverence, and indications are not 
wanting that they played a part in their religions ceremonies. The pe- 
-culiar sound prodnced by a sea-shell when approached to the ear necessa- 
rily appeared strange and mysterions to them, and the rareness of the 
shells, together with their elegant forms and beantifal colors, donbtleas 
increased their value in the eyes of the natives. According to Long, the 
Om abas possessed, atrauthalf a century ago, a large shell (already trans- 
mitted from generation to generation) to which they paid an almost relig- 
ioas veneration. "A skin lodge or temple," sayB Long, "is appropriated 
for its preservation, in which a person constantly resides, charged with 
tbe care of it, and appointed its guard. It is placed npon a stand and 
is never suilered to tonch the earth. It is concealed from tbe sight by 
several envelops, which are composed of strands of tbe proper skius, 
plaited and joined togetber in tbe form of a mat. The whole coufttitntes 
u parcel of coDsiderable size, from which various articles are 8U!<i>ended, 
such as tobacco and roots of certain plants. No person dares to open 
all tbe coverings of tbis sacred deposit in order to expose tbe shell to 
view. Tradition informs them that curiosity induced tbree different 
persons to examine the mysterious shell, who were immediately pnn- 
iiibed for their profanation by instant and total loss of sight. Tbe last 
of these offenders, whose name is Isb-kartappe, is still living. It was 
ten years since that be attempted so nnveil the sacred shell, bnt, like 
bis predecessors, he was visited with blindness, which still continnea, 
and is attributed by the Indians, as well as by himself, to bis commit- 
ting of the forbidden act. Tbis shell is taken with the band to all the 
national hunts, and is then transported on the back of a man. Pre- 
viously (o undertaking a national expedition against an enemy, the 
sacred shell is consulted as an oracle. For this purpose the magi of the 
band seat themselves around the great medicine lodge, the lower part 
of which is then thrown up like curtains and tbe exterior envelop is 
carefully removed from the mysterious parcel, that the shell may receive 
air. A portion of the tobacco, consecrated by being long suspended to 
the skin-mats or coverings of tbe shell, is now taken and distributed to 
tbe magi, who fill their pipes with it to smoke to tbe great medicine. 
During this ceremony an individual occasionally inclines his head for- 
ward and listens attentively to catch some sound which be esjiects to 
issue from tbe shell. At length, some one imagines that be hears a 
sound like that of a forced expiration of air from the lungs, or like the 
noise made by tbe report of a gan at a great distance. This is consid- 
ered as a favorable omen, and tbe nation prepare for the projected ex- 
pedition with a confidence of success. But, on tbe contrary, sbonld no 
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BOnnd be perceived, the isane of the expedition would be considered 
donbtfu!.''' This shell, it cannot be doubted, vas of marine origin, 
though the fact is not stated in the t«zt. The nearest sea-coast firom 
Trhich it could have been obtained is that of the Mexican Oulf, distant 
abont nine bandied miles &om the district inhabited by the Omahaa. 

The white traders used to derive great profit by selling fine sea-shells 
to the tribes of the interior. Kohl, for instance, learned fh>m Canadian 
fur-traders that the OJibways, on hake Superior, formerly purchased 
sea-shells from them at considerable prices. " When they (the traders) 
exhibited a fine large shell, and held it to the ears of the Indians, these 
latter were astonished, saying they heard the roaring of the ocean in it, 
sod paid for such a marveloas shell furs to the value of thirty or forty 
dollars, and even more."t . i 

Having andertakeu to compose this essay for the purpose of bringing 
together a series of facts relating to the trade among the aborigines of 
North America, I would be guilty of an omission, if I neglected to men- 
tion the wampum-beads, which, besides other nses, r^rescnted the 
money among them. The term " wampnm" is often applied to shell-beads 
in general, but should be confined, I think, to a certain class of cylindri- 
cal beads, usually oue-fonrth of an inch long and drilled lengthwise, 
which were chiefly manuftotured from the shells of the common bard- 
shell clam ( Venus mercenaria, Lin). This bivalve occurring, as every 
one knows, in great abundance on the North American coasts, formed 
an Important article of food of the Indians living near the sea, a fact 
demonstrated by the enormous quantity of castaway clam-shetls, which 
form a considerable part of North American Kjoekkenmoeddings. The 
natives used to string the mollusks and to dry them for consamption 
daring winter. The blue or violet portions of the clam-shells famished 
the material for the dark wampum, which was held in mach higher es- 
timation than that made of the white part of the shells, or of the spines 
of certain univales. Even at the present time places are pointed oat on 
the Atlantic sea-board, for example on that of Long Island, where the 
Indians manufactured wampnm, and such loc^ties may be recognized 
by the accumulations of clam-shells firom which the blue portions are 
broken off. 

Wampum-beads formed a favorite material for the manofactore of 
necklaces, bracelets, and other articles of ornament, and they constituted 
the strings and belts of wampnm, which played snch a conspicuous part 
in Indian history. 

Loskiel makes the following statement in reference to wampum : *' Be- 
fore North America was discovered by the Earopeans, the Indians 
mostly made their strings and belts of small pieces of wood, cot to au 
equal size and dyed white and black. They made some of shells, which 

* LoDg, ExpeditioQ from Pittabargh to tbe Rookj Monntalaf, performed in the jeaxa 
1819 and 1820, Londou, 1823, Tol. II, p. 47, Ac 
tKolil, KiUcbl-Gomi, Tol. I, p. 186. 
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tbey bigbly esteemed, bat tbey oaannfactnred tbem very rarelyt becanse 
this labor required mucb time for want of tbe proper toola ; and the 
beads, moreover, were of a rode and clumBy appearaoce. Soon after 
their arrival iu America, the Europeana begaa to maanfavture wampnm 
from shells, very Deatly and iDabuDdaDce,exGhan^ng it to the Indianafor 
othercommoditiefl, thnacarryin^fona very profitable trade The lodians 
now abandoned their wooden belts and atrinicra, and substituted those 
of shell. Tbe latier, of coarse, gradnally declined in value, but, never- 
theless, were and still are much prized.'^ 

I have little faith in Loskiel's statement that the Indians chiefly ased 
wood for the aUive-meutioned purpose, before they bad intercourse with 
the whites. Loskiel never visited America ; he composed, as he observes 
iu the preface, his work from the joamals and reports of Protestant 
missionaries, and probably was totally unacquainted with tbe early 
writings relating to North America, in which wampum is mentiooetl. 
Roger Williams, for example, who emigrated to North America in 1631, 
is quite explicit on that point. He states that the Indians mannfactare<l 
white and dark wampum-beads, and that six of the former and three of 
tlie latter were equivalent to an English penny. Tet itapp<>ara that even 
at his time the colonists imitated the wampnm, and used it in their trade 
with tbe natives. '■ The Indians," he says, " bring downe all their sorta 
of Furs, which they take in the conntrey, both to the Indians and to the 
English for this Indian Aloney : this Money tbe English, French, and 
Dutch, trade to the Indians, six hundred miles in aeverall parts (North 
and South fhim New-England) for their Furres, and whatsoever tbey 
stand in need of fh>m them : as Corne, Yenison, fic^t Similar statements 
are contained in the writings and records of various persons who lived 
in North America contemporaneoasty with the liberal-minded founder 
of Rhode Island. Even in the intercourse of tbe English colonists 
among themselves, wampum served at certain periods instead of tbe 
common cnrrency, and the courts of New England issued Irom time to 
time regulations for fixing the money-value of the wampum. In trans- 
actions of some importance it was measared by the fathom, the dark or 
blue kind generally being double tiie value of the white.} According 
to Boger Williams, the Indians of New England — he chiefly refers to 
the Natragansetts— -denoted by the term wompam (which signifies u-Atte) 
the white beads, while they called the dark kind tuekauhock (from gdcki, 
bUuk).^ The great value attached to wampnm as an ornament is well 
Hlustrated by the following passage from tbe same author: "Tbey 
hang these strings of money about their necks and wrists ; as also upon 

* LoBkiel, MisaioD ilur evongeliocbeu Briidec, &c., p. 34. 

I Roger Williuoii, A Key, &o., p. 128. 

t iDterestiDfi iletaila conoemiDg wampam are given by Mr. Stevena in " Flint Cbfp*," 
IdndoD, 1H70, pp. 454-^. 

f Roger Williama,!. a. p. 130. In aaottieT place (p. 154) be gives the vonl ledmpilai 
while. fVanpumpeage,pcak, *ettvanl, roanok, were othe names to signify nanjpum. 
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tbe necks and wrists of tbeir wives and children. Mdekequoee, a tiirdle } 
which they make carioosly of one, two, three, foare, and five inches 
Ibicknesse and more, of this money which (sometimes to the valae often 
pounds and more) they weare aboat tbeir middle and as a scarfe aboat 
their shoulders and breasta. Yen, the Princes make rich Caps and Aprons 
(or small breeches) of these Beads thns cnrionsly stmng into many formes 
and figures: their blackeand white finely mixt together.''^ 

The wampum-belts, so often mentioned in connection with the histo- 
ry of the eastern tribes, consisted of broad straps of leather, upon which 
white and blue wampum-beads were sewed in rtftvs, being so arranged 
that by the contrast of the light and dark colors certain figures were 
produced. The Indians, it is well known, exchanged these belts at the 
conclusion of peace, and on other solemn occasions, in order to ratify 
the transaction and to perpetuate the remembrance of the event. When 
sharp admonitions or threatening demonstrations were deemed neces- 
sary, the wampnm-belts likewise played a part, and they were even 
sent as cballengcs of war. In these varioas cases the arrangement of 
the colors and figures of the belts corresponded to the object in view: 
on peaceable occasions the white color predominated; if the complica- 
tions were of a serious character, the dark prevailed ; and in the case of 
a declaration of war, it is stated, the belt was entirely of a somber hue, 
and, moreover, covered with red point, while there appeared in the 
middle the figure of a hatchet executed in white. The old accounts, 
however, are not quite accordant concerning these details, probably be- 
cause the different Atlantic tribes followed in this particular their own 
taste rather than a general rule. At any rate, however, the wampum- 
belts were considered as objects of importance, being, as has been 
stated, the tokens by which the memory of remarkable events was 
trsnsmitt«d to posterity. They were employed somewhat in the manner 
of the Peruvian quipu, which they also resembled in that particular, 
that their meaning could not be conveyed without oral comment. At 
oertaia times the belts were exhibited, and their relations to former 
occurrences explained. This was done by the aged and experienced of 
the tribe, iu the presence of young men, who made themselves thor- 
oughly acquainted with the shape, size, and marks of the belts as well 
as with the events they were destined to commemorate, in order to be 
able to transmit these details to others at a future time. Thns the 
wampnm-belts represented the archives of polished nations. Among 
the Iroquois tribes, who formed the celebrated "league," there was a 
special " keeper of the wampum," whose duty it was to preserve the 
belts and ta interpret their meaning, when required. This office, which 
bore some resemblance to that of the qaipu-decipherer {quipucamai/oe) 
of the Peruviana, was intrusted to a sachem of the Onondagas.t 

Id March, 1S64, a delegation of Iroquois of the State of Sew York 



• Ibid., p. 131. 

t Morgan, Leagne of the Iroquois, p. ISI. 
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passed tfaroagb New Tork City on their way to Washiu^n, wbere tbey 
iDtended to Decodnte witb thn Government concerning former treaties 
relative to their lands. They bad brought with them their old wampum- 
belts, as documents to prove tbe justness of their claims. One of these 
belts, if I am not mistaken, had been giveo them by Ueneral Washing- 
ton on some important occasion ; for even the whites of that period were 
under the uecessity of couformiug to the established rule in their trans- 
actions with the Datives. The New York Historical Society honored 
these delegates with a public reception, which ceremony took place iu 
the large hall of the Society. The president delivered the speech of wel- 
come, which an old chief, nuable to express himself in English, answered 
in the Seneca dialect. A younger chief, Dr. Peter Wilson, called by 
the people of his tribe De-jih-jum-da-tcekhok, or the "Pacificator," served 
as interpreter, being well versed iu both languages. He afterward ex- 
hibited the belts, and explained their significance. They were, as far 
as I can recollect, about two feet long and of a band's breadth. The 
ground consisted of white beads, while bine ones formed tbe figures or 
marks. The latter resembled ornamental designs, and~[ conld not dis- 
cover in them the form of any known object. 1 compared tbeni at the 
time to somewhat roughly executed embroideries of simple patterns. I 
asked the " Pacificator" whether these belts were the work of Indiana 
or of whites ; bnt he was unable to give mo any definite informatioa on 
that jwint." 

I possess a number of white and bine wampum-beads from an Indian 
grave, opened in 1861, near Charlestown, in the State of Bbode Island. 
The late Dr. Usher Parsons, of Providence, Bbode Island, to whom I 
am indebted for these beads, has deficribed the grave,f and thinks it 
enclosed the remains of a daughter of Ninigret, Satihem of tbe Niantio 
or Nahantic tribe of Indians. The intermeut is snpposed to have taken 
place about tbe year 1660. These beads are regularly worked cylinders, 
drilled lengthwise, aud from five to nine millimetres in length, by four 
or five in diameter. Of course, it cannot now be decided whether Indi- 
ans or whites were their manufactDrers. Tbe grave oontdned many 
other objects, but almost without exception derived from the colonists 
of that period. I may also state, in this place, that thus far I have not 
found in tbe oldest English works on North America a perfectly satis- 
factory account of the method originally employed by tbe Indians iu 
the manufacture, and especially in tbe drilling, of tbe wampam-beadB.t 

Among the tribes of tbe northwestern coast of North America, from 

■ Tfaia is tbe ume chief who delivered, in 1S47, before tbe New Tork HUtoriokl 
Society, a, powerful speech, quoted by Morgao, (League of tbe lioqaoie, p. 440). Tbe 
chiefauKine was then (F/l-o-ieo-V!i-ti6-aiik, 

t New York Hiatorical Magaiine, Febniarj, 1863. 

t " Before erer tbey bad awle blades from Europe, they mmSo shift to bore tiiis their 
shell monef, witb stooea, and to fell their treca witb stone set in a wooden UaS; and 
used wooden towes ; which some old and poore women (feaxftdl lo leave the old tradl- 
tion) QBe to this daj."— Soger WUUamt, Kef, p. 130. 
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the northern border of California far upward to the north, the shells of 
the Dentalivm represeat^d, until within the latest time, the wampom of 
the Atlantic region, being used, like the latter, both as ornameDt and 
money. These shells, which abound in certain places of the Pacific 
coast, may be likened to small, tapering, and somewhat carved tubes. 
Being open at both ends, they can be strong withont farther prepara- 
tion. As my essay relates only to that portion of North America which 
lies east of the Bocky Monntaios, I probably would not have mentioned 
the nse of Dentalium-shells, were it not for the fact that they have 
been tbund in the interior of the country, far from the Pacific coast, as 
personal ornament of existing tribes, and even in the ancient moands of 
Ohio.* The latter fact, indeed, is of great interest in its bearing on the 
extent of former aborigioal trade-relations, the distance from the Pacific 
to the State of Ohio being almost equal to the whole breadth of the 
North American oontinent.t 



Perforated pearls, destined to serve as beads, often form a part of the 
contents of ancient North American mounds. Squier and Davis found 
item on the hearths of five distinct groups of mounds in Ohio, and 
sometimes in such abundance that they could be gathered by the hun- 
dred. Most of them had greatly snffered by the action of fire, being in 
many cases so calcined that they cmmbled when bandied ; yet, several 
hundred were found snfBciently well preserved to permit of their tieing 
strung. The pearls in question are generally of irregular form, mostly 
pear-shaped, though perfectly round ones are also among them. The 
smaller specimens measure about one-fourth of an inch in diameter, bat 
the largest has a diameter of no less than three-fourths of an inch-j: 
Aecordiog to Squier and Davis, pearl-bearing shells occur in the rivers 
of the region whose antiquities they describe, but not in such 
abundance that they conld have famished tlie amount discovered in 
the tumuli ; and the pearls of these fiuviatile shells, moreover, are said 
to be far inferior in size to those recovered from the altars. The latter, 
they think, were derived from the Atlantic coast and from that of the 
Mexican Galf. It is a fact that the Indians, who inhabited the present 
Southern States of the Union, made an extensive use of pearls for 
ornamental purposes. This id attested by the earliest accounts, and more 
especially by the chroniclers of De Soto's expedition (the anonymous 
Portuguese gentleman and Garcilasso de la Vega), who speak of almost 
&bnIou8 quantities of pearls, which that daring leader and his followers 

■ 8teT«iia, Flint Cfaipa, p. 46a 

I Slnoe writing the above, 1 learned, by ocnwnltlng Woodwftrd'B work on oonobology, 
that the DaUali»nt is Also foand lo the West Indins. If it should likewise ooonr on the 
Bonth«n> ooaata of the United States, tlieie is at least a possibility that the specimeiw 
(bond in Ohio may haTs been obtained irom the last-named region. 

t Ancient Monnmenta, p. S33 
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Baw among tbe Indians of tbe parts traversed by them. Pearls, bow- 
ever, belonged to the things most desired b; tbe Spaniards, and the 
accounts relating to them, perhaps, may be somewhat exaggerated. The 
following passage from Uarcilasso de la Vega is of particolu' interest: 
" While De Soto sojonmed in tbe province of Icbiaha,* the cacique 
visited him one day, and gave him a string of pearls about two fathoms 
{deux bra38ea)J.oag. This present might have been considered a vain- 
able one, if tbe pearls had not been pierced ; for they were all of eqaal 
size and as large as bazle-nnts.t Soto acknowledged this favor by pre- 
senting the Indian with some pieces of velvet and cloth, which were 
highly appreciated by the latter. He then asked him concerning the 
pearl-fishing, upon which he replied that this was done in his province. 
A great number of pearls were stored in the temple of the town of 
Ichiaha, where bis ancestors were buried, and he might take as many 
of them as he pleased. The general expressed his obligation, bat ob- 
served that he would take away nothing fiivm the temple, and that be 
had accepted hia present only to please him. He wished to learn, how* 
ever, in what manner the pearls were extracted from the shells. The 
cacique replied that he wonld send out people to fish for pearls all night, 
and on tbe following day at eight o'clock [aic] his wish should be grati- 
fied. He ordered at once four boats to be dispatched for pearl-flshing, 
which slionld be back in the morning. In the mean time much wood 
was bumed on the bank, producing a large quantity of glowing coals. 
When the boats bad returned, the shells were placed on the hot coals, 
and they opened in consequence of tbe heat In the very first, ten or 
twelve pearls of the size of a pea were found, and handed to the 
caciqae and the general, who were present They thought them very 
line, though the fire had partly deprived them of their lustre. When 
the general bad satisfied his cariosity, he retired to take his dinner. 
While thus engaged, a soldier came in, who told him that in eating some 
of the oysters caught by the Indians, a very fine and brilliant pearl bad 
got between his teeth, andhebeggedhim to accept it as a present for the 
governess of Cuba.$ Soto very civilly refused the present, but assured 
the soldier that he was just as much obliged to him as though be had 
accepted his gift : be would try to reward him one day for his kindness 
and for the regard he was showing to bis wife. He advised him to keep 
his (intended) present, and to bny horses for it at Havana. The Span- 
iards, who were with the general at that moment, examined tbe pearl of 
this soldier, and some, who considered themselves as experts in the mat 
ter of jewelry, thought it was worth four hundred ducats. It had re- 

*Tbe proriDce ami town of Tciaho, orlcblaba, have been located in tbat part of Nortb- 
em Georgia nhere the OoBtsiunlA and Etowab riven nnit«, Mid fbrm tbe Cooea liTer. 
(See Tbeodore Irving'B '■ Conqaeat of Florida," Mcood edition, p. 942 ; also McCnllob'i 
" ReaearcheH," p. 525.) 

tTbelDdiaaansed to pierce tbem with aheatedeopper wlM,aprooeiiaby whlohtbeT 
were spoiled. 

tDofia Isabel de Bobadilla, De Bote's wife. 
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tained its original lustre, not baviug been extracted by means of 
Are.'* 

It is endent, therefore, that the ladianR obtained their pearls, in part 
at least, from their rirer-muscles, many of which are koowQ to be 
iuargantiferoa8.t Tbese mollusks undoubtedly wen used as food by 
the aborigines, ivho ate alligators, snakes, aod other animals less tempt- 
ing than the contents of fluviatile shells. Judeed, I learned from Dr. 
Briuton, who vas attached to the Army of the Camberlaud during the 
late civil war, that muscles Of the Tennessee river were occasionally 
eaten " as a change" by the soldiers of that corxw, and pronounced no 
bad article of diet. Shells of the Unto are sometimes found in Indian 
graves, vhere they bad been deposited with the dead, to serve as food 
duriug the joaroey to the land of spirits. In many parts of the ])forth 
American mland heaps of fresh-vater shells are seen, indicating the 
places where the natives feasted upon the moUusks. Atwater has drawn 
attention to such accumolatiouB on the banks of the Muskingum, in 
Ohio-I Heaps of muscle-shells may be seen in Alabama, along- the 
rivers wherever Indians used to live. Thousands of the shells lie 
banked up, some deep in the ground.^ Dr. Brinton saw on the Tennes- 
see river and its tributaries numerous shell-heaps, consisting almost 
exclusively of the Unio virffinianug (Lamarck 1). In all instances he 
found the shell-heaps close to the water-courses, on the rich alluvial 
bottom-lands. " The mollusks," be says, " bad evidently been opened 
by placing them on a fire. The Tennessee muscle is magaritiferous, and 
there is no doubt bat that it was from this species that the early tribes 
obtained the hoards of pearls wbicli the historiaus of De Soto's explor- 
ation estimated by bushels, and which were so much prized as orna- 
meots. It is still a profitable employment, the jewelers buying them 
at prices varying fhun one to fifty dollars.")! Kjoeklceamoeddinga on the 
St. John's river, in Florida, cousiating of river-shells, were examined 
by Professor Wyman, and described by bim ; he saw similar accumnla- 
tioDB on the banks of the Concord river in Massachusetts, and was in- 
formed by eye-witnesses that they are numerous in Oaliforuia.tl On 
Stalling's Island, iu the Savannah river, more than two hundred miles 
above its mouth, there stands a moaud of elliptical shape, chiefly com- 
posed of the muscles, clams, and snail-shells of the river. This tnmn- 

* Goicilaaw de la Tega, Conqnete de la Florida, Vol. 11,^. 290. 

t As Mr. Isano Lea, of Fbiladelpbia, ioformB me, pfiarla are fooDd in -variona speciea 
of the Uniaidda, raore ft«qneiitly in T7mo eomplanatui, MargarUana margaritifem, and 
Jm>doiiUifiKtlatUit. But the; oeem occaaiauall; in all tbe epeciee of this familf. V«ty 
bvge and TOjnable pearls have been foand in New Jersey. 

t Arcbieologia AmerlcaDa, Vol. i, p. 236. 

i Pickett, History of Alabama, Charleston, 1851, Vol. I p. 13. 

I BrintoD, Artificial Shell-Deposita Id the United States, Smithsonian B«port (or 
1866, p. 357. 

1 Wyman, Fresh-Water Sbell-Heapa of the St. John's Biver, East Florida, Salem, 
Mosaachnsetts, 1868, p. 6. 
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Ins, whicb i8abouttbreehandredfeetIoDg,oDebnndredand tweaty &«t 
wide, and, perhaps, over twenty feet high, waa found to contain a large 
number of skeletons. " Several pita have been opened in the northeast- 
ern end. At the depth of twelve feet the amount of shells was andi- 
uiinished. They appear to have been distriboted in layers of eight or 
t«n inchea in thickness, with interveniug strata of sand. An ezaniina' 
tion into the contents of the mound proves conclusively that it must 
have been used only for burial pniposes } that it is, in fact, a huge ne- 
cropolis. It could not have been the work of a year, or of a generation. 
Stratum upon stratum has been heaped, each covering the dead of its 
age, until by degrees, and with the lapseof time, it grew into its present 
surprising dimeDsioDS."' 

It is probable that the natives of ITorth America obtained pearls, 
both from fluviatile and marine shells, and further that they caught 
the bivalves, not solely on account of the pearls they inclosed, but for 
uaiog them aa food. The pearla themaelvea, in alt likelihood, were 
looked upon as additional, highly valued gifts of nature. 

DIVISION OF LABOR. 

Among the later Indians, at least those who lived east of the Bocky 
Mountains, nearly all work was performed by women. When, during 
times of peaee, the master of a lodge had supplied hia family with the 
game necessary for its support, he thought to be relieved of further 
duties, and abandoned himself either to indolence or to bis favorite 
-pastimes, snch as games of hazard, and exercises calculated to impart 
^strength and agility to the body. He manufactured, however, his arms 
and kept them in repair, and alao condescended to work, when a larger 
object, a canoe for instance, was to be made, or a dwelling to be con- 
strncted. Far more varied, on the other band, were the duties imposed 
npon women, Kot only had Uiey to procure water and fire-wood, to 
prepare the meals, to collect the fruits serving as winter provisions, to 
make moccasins andotberarticles of dress, bot it was also incumbent npon 
them to perform many other labors, which, Arom their natnre, would seem 
1o be more suited for men. Thus, the fields were cultivated by women ;f 
they dressed the skins to fit them for garments and other purposes ; 
the manufacture of pottery was a branch of female industry; they did 
the principal work in the erection of the hut« or tents (of skius, mats 
or bark), and their assistance was even required when canoes, especially 
those of bark, were made. During the march they carried heavy loads, 
and on the water they bandied the paddle as skilfullji as the men. If 
to all those tasks and toils the bringing up of children is added, the lot 
of the Indian woman appears by no means an enviable one, though slie 
bore ber burden patiently, not being accustomed to a difieient manner 
of existence. She was, indeed, hardly more than the servant of her lord 

* Jonea (CbailM C), MoaameutBl Remains of Georgia, Skvuin&b, 1861, p. 14. 
t Alao, to some extent, by enslaved priBODers of war. 
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and master, who freqneatly lived in a state of polygamy merely for com 
nanding more assistance in his domestic aflhirs. 

Snch were the occnpntiousof Indian men and women ia general. Nev- 
ertheless, there are iudicatioos that the germa of handicrafts already 
existed among the North American iribea, or, to speak more distinctly, 
that certain iodividnals of the male sex, who were, by natural incliua- 
tioD or practice, particnlarly qualifled for a distinct kind of manual labor, 
devoted themselves priacipally or entirely to this labor. I refer, of 
coarse, to the period anteceding the occupation of the coantry by Eoro- 
peans — that period about which so little is known, that a careful exam- 
inatloQ of the still existing earth-works, and of the minor producta of 
indiistry left; by the former inhabitants, affords the principal guidance 
in the attempt to determine their mode of existence. The earliest writ- 
ings on North America are exceedingly deficient in those details which 
are of interest to the archteologist, and form, as it were, his points of 
departnre} and it becomes therefore necessary t-o adopt here, in the 
parsnit of archseologlcal iuvestigatioD, the same system of careM in- 
quiry and dednctiou that has been so snccessftilly employed in Europe. 
The only difference is, that in the latter part of the world " prehistoric 
times" reach back thousands of years into the remotest antiqaity, while 
in America a comparatively recent period mast be drawn within the 
precinct of antiquarian research. 

Any one who examines a collection of I7ortb American chipped flint 
implements will notice qaite rade and clnmsy specimens, but also, along- 
side of these, others of great regularity and exqaisite finish, which could 
only have been fashioned by practised workers in flint. This applies par- 
ticularly to tbe points of arrows and lances, some of which are so sharp and 
pointed that they, when properly shafted, almost would be as edfectaal as 
iron ones. In fact, the oldest Spanish writings contain marvelons ac- 
counts of the penetrating force of the flint-pointed arrows ased by the 
IndiansofFloridaiutheirenconnters with the whites. Not every warrior, 
it may foe presumed, was able to make stone-points, especially those of a 
superior kind, this labor requiring a skill that coold only be attained by 
long practice. There were donbtless certain persons among the varions 
tribes who practised arrow-making as a profession, and disposed of 
their manaf^tares by way of exchange. In reference to this subject 
Mr. Schoolcraft observes as follows : *' A hunter, or warrior, it is true, 
expected to make his own arms or implements, yet the mauafoctnre of 
flint and hornstone into darts and spears and arrowheads demanded too 
mnch skill and mechanical dexterity for the generality of the Indians to 
succeed in. According to the Ojibway tradition, before the introduction 
of fire-arms, there was a class of men among the northern tribes who were 
called makers of arroirheadg. They selected proper stones, and devoted 
themselves to this art, taking in exchange for their mann&tctores, the 
skins and flesh of animals." According to Colonel Jones, the tradition 
has been preserved in Georgia " that among tbe Indians who inhabited 
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the monntaiDS, tbere was a certain nnmber or class vho devoted tJieor 
time and attention to ttie manufacture of these darts. That as soon as 
tliey had prepared a general supply, they left their mountain homes and 
visited the sea-board and intermediate localities, escbangiog their spear 
and arrowheads for other articles not to be readily obtained in the i-eglon 
where they inhabited. The farther fact is stated that these persons 
iierer mingled in the escitemeuta of war ; that to them a free passport 
was at all times granted, even among tribes actually at variance wiUi 
that of which they were members; that their avocation was esteemed 
honorable, and they themselves treated with universal hospitality. If 
such was the case, it was surely a remnrlcable and interesting recogni- 
tion of the claims of the manufacturer by an untutored race."" 

In a former section I have mentioned a GaliforniaD Indian of the 
Shasta tribe, who was seen making arrowheads of obsidian by Mr, Caleb 
Lyon, " The Indian," be says, "■ seated himself on the floor, and,placing 
a stone anvil upon hia knee, which was of compact talco^e slate, with 
one blow of his agate chisel he separated the obsidian pebble into two 
parts, then giving another blow to the fracturetl side he split off a slab 
a fourth of an inch in thickness. Holding the piece against the anvil 
with the thumb and finger of his let^ hand, ho commenced a series oi 
continuous blows, every one of which chipped off fragments of the brittle 
substance. It gradually assnined the required shape. After finishing 
the base of the arrowhead (the whole being only a little over an inch 
in length) he began striking gentler blows, every one of which I expected 
would break it into pieces, Tet such was their adroit application, bis 
skill and dexterity, that in little over an hour bo produced a perfect 
oliaidian arrowhead. Among them arrow-making i» a di»tiju^ trade or 
profession, which many attempt, but «i lehich few attain eaxellence." t 

Another method of arrow-making practised by the Califomian tribes 
is mentioned by Mr, Edward E. Chever in an article published in the 
*' American Naturalist," May, 1870, He has figured the implement used 
in the process (p. 139). " The arrow-head," he says, " is held in the left 
band white the nick in the side of the tool is ased as a nipper to chip 
off small fragments." 

Mr. Oatlin gives an interesting and full account of the mannfactnfe of 
arrowheads among the Apaches and other tribes living west of or in the 
Bocky Mountains. The following extract contains his principal state- 
ments : " Erratic boulders of flint are collected (and sometimes brought 
an immense distance) and broken with a sort of sledgo-bammer made of 
a rounded pebble of homstone, set in a twisted withe, holding the stone 
and forming a handle. The flint, at the indiscriminate blows of the 
sledge, is broken into a hundred pieces. The master- workman, seated 
on the ground, lays one of these flakes on the palm of his lefi hand, 

■ Joues (Cbarlea C.), Itidiaa Remains in Southern Georgia. AddreeB delivered befbn 
tbd Georgia HiBtorical Society, Savauuab, 1859, p. 19. 
I Bulletin of the Americao UtbDologicol Society, Sow Tork, 16C1, Vol. I, p. 30. 
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holding it firmly down with two or more flngera of the snme hand, and 
with bis riglit baod, between the tbninb and two forefingers places hia 
chisel or puneh* on the point that is to be broken off; and a co- 
operator (a striker) sitting in front of him, with a mallet of very bard 
woo<l, stTikes the chisel on the upper end, flaking the fiiut off on the 
under side, below each projecting poiut that is strnck. The flint is 
then turned and chipped in the same manner from the opposite side ; 
and 80 turned and chipped antil the required shape and dimensions are 
obtained, all fractures being made ou the palm of the hand, whose 
yielding elasticity enables the chip to come off withoat breaking the 
body of the fiint, which would be the case if they were broken on a 
hard substance. This operation is very cnrioos, both the holder and the 
striker singing, and the strakes of the mallet given exactly in time witb 
the mnsic, and with a sharp and rebounding blow, in which, the Indians 
tell as, is the great medicirte (or mystery) of the operation. Every tribe 
has its factory In which' these arrowheads are made, and in those only 
certain adepts are able or allotced to make them for (he use of tlie tribe.^f 

Thus tradition as well as modern experience Justify the belief that 
the manafacture of arrow and spearheads was formerly carried on as a 
craft by certain individuals of the Korth American tribes, and Longfel- 
low's "Ancient Arrow-maker," therefore, is not a mythical person, but 
the ideal type of a class of men whose art fiouriAied in by-gone times. 

The skiinilly executed agricultural flint implements of East St. 
Louis, described by me in the Smithsonian Report for 1868, have alto- 
gether the appearance as if mte hand had fashioned them. Is it not 
probable that they formed the magazine of an aboriginal artisan, who 
devoted his time chiefly to the manufacture of such tools t The making 
of wampum and of shell-beads in general may have formed a trade 
among the tribes inhabiting the sea-board ; for this labor required much 
time and promised success only to those who, by long practice, had 
attained skill in the operation. The supposition gains some ground by 
an observation of Roger Williams, who states that " most on the Sea 
side make Money and Store up shells in Summer against Winter whereof 
to make their money." He further observes on the same page : " They 
have some who follow onely mukingof Bowes,some Arrowes,someT)ishea 
(and the women make all tUeir Earthen Vessells,) some follow Ashing, 
some banting."]: 

The most remarkable productions of ancient aboriginal indastry are 
the carved stone pipes of peculiar shape exhumed by Messrs, Squier 
and Davis from the mounds of Ohio, and minutely described and fig- 
ured by them in the "Ancient Monuments of the Mississippi 'Vidley.§'' 

* Six or seven iucbea in leogtb, aod toiule of aa incisoE of the spvrm-wbale, oft«u 
atrantled od the coast of the PsciSo. 

t Catlin, L>8t Rarablea amoDgat the IndiaDS, Neir York, 1867, p. 187, && 

t Eoger Williams, A Key, &c.,p. 133. 

i Chapter XV, Sculptaree troin the Moantls, pp. 242-278. 
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Four miles north of Gbillicotbe, Ohio, there lies, dose to the Scioto 
river, an enibanlcuient of earth soiuewhat Id the shape of a square 
with strongly roanded angles, and enclosing an area of thirteen acres, 
over which twenty-three mounds are scattered without much regularity. 
This work has been called " Mound City," from the great nnmber of 
mounds within its walls. In digging into the mouiide, Squier and 
Davis discovered hearths in many of tbetn, which furnished a great 
number of aboriginal relics. From one of the hearths nearly two hun- 
dred of those 4>eculiar stone pipes were taken, many of them, unforto- 
uately, cracked by the action of the fire, and otherwise damaged. The 
occurrence of these "mound-pipes," however, was not confined to the 
mound in question, similar ones having occasionally been fonnd else- 
where. In the more elaborate pii>es from Mound City, the bowl is some- 
times formed in imitation of the human head, but generally of the body 
of au animal, and in the latter cases the peculiar characteristics of the 
Hliecies which have served as models are frequently expressed with sur- 
prising fidelity. The following mammals have been recognized : the 
beaver, otter, elk, bear, wolf, dog, panther, wild cat, raccooo, opossum, 
squirrel, and sea-cow {Manati, Lamantin, Tricbecus manatm, Lin.). 
Of tlie last-named animal, no less than seven representatioua were 
found, a circumstance deserving particular notice, because this inhabit- 
ant of tropical waters H not met in the higher latitudes of North Amer- 
ica, bat only on the coast of Florida, which is many hundred miles dis- 
tant from Ohio. The Florida Indians called this animal the "big 
beaver,'* and hunted it on account of its desh and bones.* Most fre- 
qnent are carvings of birds, amoug which the eagle, bawk, falcon, tor- 
key-buzzard, heron, several species of owls, the raven, swallow, paro- 
quet, duck, and otber land and water-birds, have been recognized. One 
of the specimens is supiwsed to represent the toucau, a tropical bird 
not inhabiting the United States. Worthy of particular mention as a 
well-executed sculpture is a species of eagle or bawk in the attitude of 
teariug a smaller bird held iu its claws ; and so is that of the tufted 
heron feetling on a fish. The amphibious animals, likewise, have tbeic 
representatives in the snake, toad, frog, turtle, and alligator. One spe- 
cimen shows a snake that winds itself around the bowl of the pipe. 
The toads, in particular, are very faithful imitatiousof nature. Indeed, 
it is said in the "Ancient Monuments" that, if placed in the grass be- 
fore an unsuspecting observer, they would probably be mistaken for 
the natural objects ; and this statement is in no way exaggerated, as 
every one will admit who has seen the specimens in question. The bird- 
figure supposed to represent the toucan, I think, is not of sufficient dis- 
tinctness to identify the original that was before the artist's mind ; it 
would not be safe, therefore, to msike this specimen the subject of far- 
reaching speculations. For the rest, the imitated auimals belong, with- 

■ Bitrtmm, Travels, Dublin, 1793, p. 389. 
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oat exception, to the Nortb American faona ; and there is, moreover, 
the greatest probability tbat tbe soulptores in question were made in or 
Dear the present State of Ohio, where, in corroboration of the last sap- 
poeitioD, a few onfinished specimens have occurred amoug the complete 
articles. The discovery of the manati-flgnres, however, is in so far of 
interesc as it indicates a communication between the ancient inhabitants 
of Ohio and those of the Floridian coast-region. 

It was formerly believed most of these pipes were composed of a kind 
of porphyry ; bat since their transfer to the Blaekmore Musenm, tbey 
were carefully examined and |)artly analysed by Professor A. H. Ohnrch, 
who found them to consist of softer materials.* Nevertheless, they 
constitute tbe most remnrkable class of Indian products of art thus far 
discovered, for some of them are so skilfully executed tbat a modern 
artist, notwithatauding his far superior instruments, would find no little 
difficulty in reproducing them. Tbe manufacture of stone pipes, neces- 
sarily a painful and tedious labor, therefore may have formed a branch 
of aboriginal industry, and the skilful pipe-carver probably occupied 
among the former Indians a rank equal to that of the experienced 
sculptor in our time. Even amoug modern ludiann pipe-makers some- 
times have been met. Thus, Dr. Wilson mentions an old Ojibway In- 
dian, whose name is Pabahmeead, or tbe " Flier," but who, from his 
skill in making pipes, is more commonly known as Picahguneka — " he 
makes pipes."t Kobi, also, speaksof an Ojibway pipe-maker whom he 
met on Lake Superior. " There are persons amoug them," be says, 
" who possess particular skill in tbe carving of pipes, and make it their 
profession, or at least the means of gaining in part their livelihood. I 
made the acquaintance of such a/aiseur de calumet, and visited bim 
occasionally. He inlaid his pipes very tastefully with figures of stars 
and flovers of black and white stones. But bis work proceeded very 
slowly, and be sold his pipes at high prices, from four to five dollars 
apiece. Yet the Indians sometimes pay much higher prices." | 

In addition to the articles tbns far eonmerated, others may have been 
maonfactared more or less extensively by way of trade ; but, in default 
of corroborating data, we must rest satisfied with the supposition that 
such was the case. European arcbseologista, in estimating tbe condi- 
tions of prehistoric races of the Old World, have derived much aid from 
inqniries into tbe modes of life among still-existing primitive popula- 
tions of foreign parts. The same system may be applied in antiquarian 
researches relative to North America, where the customs and manners 
of tbe yet lingering atwriginal population can be brought into requit^i- 
tion for elucidating the past. Thus, some statements made by Mr. 
James G. Swan, in a recent work on the Makah Indians of Cnpe Flat- 
tery, (published by the Smithsonian Institute.) are of great interest in 

• Church, In "Flint Chips," p. 414. 

t Wilson, Prehistoric Man, Lond., 18CS, ToL II, p. 15. 

t Kobl, Eitechi-Qiuiii, Vol. II, p. Hi. 
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coniipction ^itli the object treated in this article. "The luanufactnre 
of iinpleineDts," be says, *' is practised by all ; some, however, prodao- 
ing neater articles, are more employeil in this way. The manufacture 
of whaling implements, particularly the HtalF of the harpoon and the 
harpoon- head, is confined to individuals who dispose of them to the 
others. This is also the case with rope-making; altbongb all ander- 
stand the process, some are peculiarly expert, and generally do the most 
of tbe work. Canoe-making is another branch that is confined to cer- 
tain x>ersons who bave more skill than others in forming the model and 
in finishing the work. Although they do not seem to have regular 
trades in these manafactures, yet the most expert principally confine 
themselves to certain branches. Some are qnite skilfal in working iron 
and copper, others in carving or in painting, while others again are 
more expert in catching fish or killing whales."* 

It is trne, the conditions of existence of a northern tribe bordering on 
tbe Pacific coast cannot serve as a standard for the poptUatioos for- 
merly inhabiting the valleys of theMisBis8ii>piand Ohio, ortheAtlantio 
sea-board ; yet, that the latter were led by similar motives, in regard to 
tbe division of labor, seems to be confirmed by the observations and 
extracts given in this sketch. 

COHOLUSION. 

In the preceding series of articles I have almost exclasively referred 
to manufactures, and among these, of course, only to such as eonld, 
from their nature, resist the destroying influence of time. Tet, it can- 
not be doubted that articles consisting of less durable materials, for 
instance, dressed skins, basket-work, mats, wooden ware, &c., formed 
objects of trafiic. The most extensive excbange, perhaps, was carried 
on in provisions that could be pi'eser\'ed, such as dried or buccaned 
meat, maize, maplesiigar, and other animal or vegetable substances. 
Those who were abundantly provided with one or the other article of 
food bartered it to their less favored neighbors, who, in return, paid 
them in superfluous products or in manufactures of tbcir own. Ck)o- 
oeruing the ways of communication, the 2forth American continent 
afforded, by its many navigable waters, rivers as well as lakes, perhaps 
greater facilities for a primitive commerce than any other part of the 
earth, and the canoe was the means of conveyance for carrying on this 
commerce. 

The learned Jesuit, Lafltan, has given some account of Indian trade 
as it was in the beginning of the eigbteeutb century, at which period 
he lived, as a missionary, in North America. "The savage nations," 
be says, "always trade among each other. Their commerce is, like that 
of the ancients, a simple exchange of wares against wares. They all 
have something particular which the others have not, and the traffic 

*SwaD, Tbe ludiuns of Cape Flattery, at the EDtiaoce to the Strait of Faca, Wuh- 
iugtOD Turritorj, WuBliiuglon, 1870, p. 48. 
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makes these thioge ciroalate amoog tbem. Their wares are grain, por- 
celain (wampom), fare, robes, tobacco, mats, cauoes, vork made of moose 
or bul^o hair and of porcupine quills, cotton-beUs, domestic utensils — 
in a word, alt sorts of necessaries of life required by them."* A passage 
from Lawson, a contemporary of Lafltan, may also be inserted with pro- 
priety in this place. Speaking of tbe natives of Carolina, he says: 
"The women make baskets and mats to lie npon, and those that are not 
extraordinary hanters make bowls, dishes, and spoons of gum- wood and 
the tutip-tree; others, where they find a vein of white clay fit for their 
puiiKtse, make tobacco-pipes, all which are often transported to other 
Indians that, perhaps, have greater plentyof deer and other game, &c.''t 
The arrival of the whites produced a thorough change in Indian life, 
wherever a contact between the two races took place. Tbe age of stone 
and that of iron met, almost without an intervening link, for the so- 
called I^ortb American " copper period" was but of little practical sig- 
nificance. Simultaneously with tbe settlement of tbe eastern parts of 
North America by the whites, there arose a tratBc between these and the 
Indians in their neighborhood, which provided tbe latter with imple- 
ments and utensils so far superior to their own, that they soon ceased to 
manafacture and use tbem. The keen-edged steel axe superseded the 
clumsy and far less serviceable stone tomahawk; the European knife 
did away with the cutting implement of Qint; and those of tiie natives 
who could not obtain fire-arms at least headed their arrows with points 
of iron or brass. The potter's art was neglected, solid and durable 
vessels of metal supplying the place of the fragile aboriginal fabrics oi 
clay. Instead of procuring fire by turning a wooden stick, flttiug in a 
small cavity of another piece of wood, rapidly oetween their bauds until 
ignition was eftected, tbe natives now resorted to the far preferable 
method of striking fire with steel and flint. Their dress, too, nnderwent 
changes, pliant woolen and cotton textures being employed to a certain 
extent instead of dressed skins. Formerly, when the Indians wished to 
make one of their more durable canoes or a largo mortar for pounding 
maize, they had first to fell a suitable tree, a task which, on account of 
the insufficiency of theii tools, required much labor and time. Being 
unable to cut down a tree with their stone axes, they resorted to fire, 
burning tlie tree around its foot and removing the charred portion with 
their stone implements. This was continued until tbe tree fell. Then 
they marked the length to be given to the object, and resumed at the 
proper place the process ofbarning and removing. In a similar manner 
the hollowing of the tree was effected. But now a few strokes of the 
European axe did tbe same work which formerly, perhaps, required days ; 
and to a race as indolent and averse to labor as the ludians, the effect 
of that simple tool must have appeared almost miraculous. 

* Lofitaa, HiDutB dea SuDvages Am^riquainB, Paria, 1724, Tol. II, p. 332. 

t LawBon, Hiatoiy of CsroliDa, LoDdoD, 1714; repriDt, EalBigb, 1660, p, 33b. 
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Greater, however, than tbese and mauy other advantages were the 
evils which the contaet with the whites hronght npon them ; and in 
suocumhiog to the overwhelming power of the Cancaaians, they shared 
the fate of every inferior race that takes up the contest with one ouca> 
pying a higher rank in the &mily of men. 
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NORTH AMERICAN STONE IMPLEMENTS. 

By CHABI.E8 Bau. 

The division of tlte European stone age into a period of cliipped stone^ 
aud a succeeding one of ground or polished stone, or, into the pataeu- 
lithic and neolithic periods, seems to be fally borne oat by facts, and ia 
likely to remain an nucontroverted basis for fatore iiivestigatioa in 
Europe. In North America chipped as well as groand implements are 
abnudant; yet they occnr promiscuously, and thus far cauuot be re- 
ferred respectively to certain epochs in the development of the abo- 
rigines of the country. Archseological investigation in North America, 
however, is but of recent date, and a careful examination of our caves 
aud drift-beds possibly may lead to results similar to those obtained in 
Europe. When in the latter part of the world man lived cbntempo- 
raneonsly with the now extinct large pachydermatons and carnivorous 
animals, he used uugronnd flint tools of rude workmanship, wbicb were 
superseded in the later stages of the European stone age, comprising 
the neolithic period, by more finished articles of flint and other stone, 
many of which were brought into final shape by the processes of grind- 
ing and potisbiug. In North America stone implements likewise have 
been found associated with the osseous remains of extinct animals ; yet 
these implements, it appears, differed in no wise from those in use among 
. the aborigines at the period of their first intercourse with the whites. 

In the year 1839, the late Dr. Albert C. Koch discovered in the bot- 
tom of the Bourbeuse River, in Gasconade County. Missouri, the re- 
mains of a Mastodon giganteua under very peculiar circumstances. The 
greater portion of the bones appeared more or less burned, and there 
was sufficient evidence that the fire had loeen kindled by human agency, 
and with the design of killing the huge creature, which had been found 
mired in the mad, and in an entirely helpless condition. The animal's 
fore and hind legs, untouched by the fire, were iu a perpendicular posi- 
tion, with the toes attached to the feet, showing that the ground in 
which the animal had sunk, now a grayish-colored clay, was in aplastic 
condition when the occurrence took place. Those portions of the skele- 
ton, however, which had been exposed above the surface of the clay, 
were partially consumed by the five, and a layer of wood-ashes and 
charred boiies, varying iu thickness from two to six inches, indicated 
that the burning had been continued for some length of time. The Are 
appeared, to have been most destructive around the head of the animal, 
Miqgled with the ashes aud bones was a large number of broken pieces 
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of rock, which evidently had been canied to the spot from the bank of 
the Bourbease Biver to be hurled at the animal. But the burning and 
hurling of stones, it seems, did not Batisry the assailants of the masto- 
don ; for Dr. Koch foiiud among the ashes, bones, and rocks several 
stone arrow-lteads, a spear-head^ and sotne stone axes, which were taken 
out iu the presence of a number of witnesses, consisting of the people of 
the neighborhood, who bad been attracted by the novelty of the exca- 
vation. The tnycr of ashes and bones was covered by strata of alluvial 
deposits, consisting of clay, sand, and soil, from eight to nine feet thick, 
which form the bottom of the Bourbeuse Biver in general. 

About one year after tliis excavation, I>r. Koch found at another 
place, in Benton County, Miasourl, iu the bottom of the PommedeTerre 
Kiver, about ten miles above its janctiou with the Osage, several atone 
arrowheads mingled with the bones of a nearly entire skeleton of the 
Missourium. The two arrow-heads found with the bones " were in such 
a position as to furnish evidence still more conclnsive, perhaps, than in 
the other case, of their being of equal, if not older date, than the bones 
themselves ; for, besides that they were fonnd in a layer of vegetable 
mold which was covered by twenty feet in thickness of alternate layers 
of sand, clay, and gravel, one of the arrow-heads lay nndemeatU the 
tbigh-bone of the skeleton, the bone actnally resting in contact upon it, 
so that it could not have been brought thither after the deposit of tba 
boue ; a fact which I was careful thoroughly to investigate."* 



Fig. 1. 



It affords me particular satisfaction to 
present in Fig. 1 a full-size drawing of the 
last-named arrow-head, which is still io the 
possession of Mrs. Elizabeth Koch, of Saint 
Louis, the widow of the discoverer. The 
drawing was made after a photograph, for 
which I am indebted to Mrs. Koch. It will 
be noticed that the point, one of the barbs, 
and a comer of the stem of this arrow-head— 
if it really was an arrow-head, and not the 
armature of a Javelin or spear— -are broken 
\ off; but there remains enough of it to make 
* out its original shape, which is exactly that 
of similar weapons used by the aborigines 
in historical times. The specimen in qnes- 
tioo, which, as I presume, was found by Dr. 
Koch iu its present mutilat«d shape, con- 
sists of a light-brown, somewhat mottled fiint-t 

•Koch, iu TrunsftctioDH of tlie Acadeni; of Science of Saint Loni8,Tol. i,(l860,)p. 61, ic. 

} I mn well aware that the reality of Dr. Koch'B discovery has been doDbt«d by boid«, 

ftlfhongli it ia difQciilt to perceive why he shonld have maile those HtntemeDta, if not 

tnia, ul a time wbeH the antiquity of mna was not yet diacaseed, either id Enrope or 

hero, and he, therefore, could expect nothing but cuutradictioD, pabho opinion beiag 
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Id referring to these discoveries of Dr. Kocb, and Botne other indica- 
tions of the high aatiqaity of man in America, Sir John Labbock cou- 
dades that " there does not as yet appear to be any satisfactory proof 
that man co-existed in America vith the Mammoth and Mastodon."* 
Yet, it may be expected, almost with certainty, that the resuUs of fn- 
tnre investigations in North America irill fully corroborate Dr. Koch's 
discoveries, and vindicate the tmthftilness of his statements. Indeed, 
some focts have come to light daring the late geological sarvey of Illinois, 
vhich confirm, in a general way, the conclusions arrived at by the 
above-named explorer. According to this son'ey, the blue clays at the 
base of the drift contain fragments of wood and trunks of trees, bat 
no fossil remains of animals ; bnt the brown clays above, nnderiying 
tiie Loesa, contain remains of the Mammoth, the Mastodon, and the Peo- 
cary ; and bones of the Mastodon were fonnd in a bed of " local drilt," 
near Alton, nnderiying the Loess in sitii above, and also in the aame hori- 
zon, sUmeaxea and flint ^ear-heads, indicating the co-existence of the 
human race with the extinct mammalia of the Quaternary period.f 

It must not be overlooked that both Dr. Koch and the Illinois survey 
mention Bint arrow and spear-heads as well as stone axes as being asso- 
ciated, directly or indirectly, with the remains of extinct animals. 
These stone axes undoubtedly were ground implemented for, had they 
differed in any way firom the ordinary Indian manufactures of the same 
class, the fact certeinly would have been noticed by the observers. 
Thus far, then, we are not entitled to speak of a North American pal- 
aeolithic and neolithic i)eriod. In the new world, therefore, the human 
contemjiorary of the Mastodon and the Mammoth, it would seem, was 
more advanced in the mannfactore of stone weapons than bis savage 
brother of the European drift period, a circomstance which favors the 
view that the extinct large mammalia ceased to exist at a later epoch 
in America than in Europe. The remarks of Lieutenant-Colonel 0. H. 
Smith on this point are of interest. " Over a considerable part of the 
eastern side of the great (American) mountain ridge," he says, " more 
particularly where ancient lakes have been converted into morasses, or 
have been filled by allnvials, organic remains of above thirty species of 
mammals, of the same orders and genera, in some cases of the same 
species, (as in Europe,) have been discovefed, demonstrating their ex- 

totall; unprepared for anch revelatioiu. Not being aed«titifiopEtlaeoDto)o)ciet, he cer- 
tt^Dl; made some mistakeo in patting tof^tbei the boDM of th« onimalB exhumed by 
htm ; but these faUinga, in my opinion, have no bearing on his obMTvatlouH relative to 
the co-existence of man with extinct tutinaals in North America. Only a short time 
i^ some remarks tending to depreciate Dr. Koch's aeconnt were made by Dr. Schmidt, 
in an article on the antiquity of man in America, pnbllBbed in vol. t, of the ArchivfOr 
Jnlirvpohgk. I may state here that IwaspeMonallyaoqa^nted with Dr. Kocb, whoni 
I saw repeatedly at tlie meetings of the Academy of Soienoeof Stunt Lonia. 

•Prehistorio Times, let ed., p. S36. 

tO«ological Sarreyof Illinois, by A. H. Worthen, vol. i, (1666,) p. 38; quoted in 
Transactions of the Academy of Science of Saint Louis, Tol. il, (1966,) p. &67, 
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istence in n contemiwrary era Tritb those oftbeoldcontiiient, and under 
similar circamatances. But tlieir period of duration in tUe new world 
ma-j Lave been prolonged! to dates of a snbiiequeut time, since tbe Pachy- 
derms of tbe United States, as welt as those of tbe Pampas of Brazil, 
arc much more perfect : and, in man; cases, possess characters ascribed 
to bones in a recent state. Alligators and crocodiles, moreover, con- 
tiaue to exist in latitudes where they endure a winter state of torpidity 
beneath ice, as an evidence that the great Sanrians in that region have 
not yet entirely worked ont their mission ; whereas, on the old conti- 
nent they bad oestseA to exist in high latitudes long before tbe extinc- 
tion of the great Ungulata."* 

Flint implements of tbe European " drift type," however, are by no 
means scarce in North America, althongh they cannot (thus far) be 
referred to any particular period, but must be classed with the other 
chipped aud ground implements in use among tbe North American abo- 
rigines during historical times. 

In the first place I will mentioa certain leaf-shaped flint implements 
which have been found in monnds and on tbe surface, as well aa in de- 
posits below it. They are comparatively thin, of regular outliue, and 
exhibit well-chipped e<)ges all around the circumferences. On the whole, 
they are among tbe best North American flint articles which have 
fallen under my notice. Tbe specimens found by Messrs. Squier and 
Davis in a mound of the inclosure called Mound City, on tbe Scioto 
River, some miles north of Cbillicothe, Ohio, belong to this class. Most 
of them were broken, bat a few were fouud entire, one of which is repre- 
sented in half size by Fig. lUO on page 211 of tbe "Ancient Monuments 
of tbe Mississippi Valley." This specimen measares four inches in 
'engtb aud about three inches across tbe broad rounded cud. I have a 
still larger one, consisting of a reddish mottled flint, which was found 
on tbe surface in Jeffersou Conoty, Missouri. The annexed full-size 
drawing, Fig. 2, showa its outline. The edge on the right side is a little 
damageil by subsequent fractures, but for the sake of greater distinct- 
ness I have represented it as perfect. Tbe finest leaf shaped imple- 
ments which I have bad occasion to examine, are in the possesaion of 
Mr. M. Cowing, of Seneca Falls, New York. The owner told me he had 
more than a hundred of them, which were all derived from a locality in 
the State of New York, where they were accidentally discovered, form- 
ing a deposit under the surface. Mr. Cowing, wbo is constantly engaged 
in collecting and buying up Indian relics, refused to give me any in- 
formation concerning the place and precise character of tbe deposit, 
basing his refusal on tbe ground that a few of these implements were 
Htill in tbe bands of individuals in tbe neighborhood, and that he would 
reveal uotbiug in relation to tbe deposit until be had obtained every 
specimen originally belonging to it. I am, therefore, unable to give any 

'The Hntnntl History of tbe Huraaii Species, Lotiilon, 1U>'>2, p. 89. The comparative 
u of tba bones of extinct Nurth AmericuQ aaimals ntw noticed liy Cavier. 
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partienlara, and mast confine myself to the statement tbat the speiri- 
mens shown to me present in general the outline of the original of Fig. 2, 
though they are a little smaller ; and that they are thin, shatp-edgetl, 
and exquisitely wrought, and consist of a beautiful, variously-colored 
flint, which bears some resemblance to chalcedony. 

Concerning the use or Fig. 2. 

uses of North American 
leaf-shaped artielea, I am 
hardly. prepared to givea 
definite opinion, though 
I think tt probable that 
they served for purposes 
of cuttiug. They were 
certAinly not intended for 
spear-heads, their shape 
being ill-adapted for that 
end ; nor do I think that 
they were osed as scrap- 
ers, as other more massive 
implements of a kindred / 
character probably were, 
of which I shall speak t 
hereafter. 

The aborigines were in V 
the habit of bnrying arti- 
cles of flint in the groaud, 1 
and such dei)osits, some- 
times quite large, have 
been discovered in varions 
partsoftheUnttedStates. 
These deposits consist of 
artJcres representing va- 
rions types, among which 
I will mention the leaf- 
shaped implements in the 
possession of Mr. Cowing ; the ngricuttnral tools found at East Saint 
Louis, Illinois, of which I have given an account in the Smithsonian 
report for 1868 } and the mde flint articles of an elongated oval shape, 
which were found about 1860 on the bank of the Mississippi, between 
Carondelet and Saint Louis, Missouri, and donbtless belonged to a de- 
posit. I have described them in the above-named Smithsonian report, 
(p. 405,) and have also given there a drawing of one of the specimens 
ID my possession. This drawing has been reproduced by Mr. E. T. 
Stevens, on page 441 of his valuable work entitled " Flint Chips," (Lou- 
dou, 1870,) with remarks tending to show that the specimen does not 
represent an unfinished implement, as I am inclined to believe, but a 
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complete one. I mast ailmit that my drawing is not a very good one. 
It gives the object a more defiDite cbaravter tban it really possesses, the 
chippiug appeariug iu the representatioD far leaa superficial than it is 
iu the origioal, which, iodeed, has such a shape that it could easily be 
reduced to a smaller size by blows aimed at its circumference. I have 
myself scaled off large flat flakes from similarly-shaped pieces of fliut, 
using a small iron hammer and directing my blows against the edge, 
and have thus become convinced that the further working of objects 
like that id question conid offer uo serious difficulties to a practised 
fliut-chipper. My collection, moreover, contaius several smaller flint 
objects of similar shape, which are uiidoubtedly the rudimesta of arrov 
and spear-heads, and I may add that I obtained a few from places where 
the manufacture of such weapons was carried on. 

Yet the most important deposit of fliut implements resembling cer- 
taiu types of the European drift, is that discovered by Messrs. Bquier 
and Davis during their researches in Ohio. They have described this 
interesting And in the "Ancient Monnments of the Mississippi Valley," 
and a rSsum4 of their account was given by me in the Smithsonian re- 
port for 18C8, (p. 404.) The implements in question, I stated, occurred 
in one of the so-called sacrificial mounds of Clark's Work, on NorA 
Fork of Faint Creek, Boss County, Ohio. This flat, but very broad 
mound contained, instead of the hearth usually found in this class of 
earth-strnctnres, an enormous number of flint discs, standing od their 
edges and arranged in two layers, one above the other, at the bottom of 
the monod. The whole extent of these layers has not been ascertained, 
but an excavation six feet long and four broad disclosed upward of six 
hnudred of those discs, rudely blocked out of a superior kind of dark 
fliut. I bad occasion to examine the specimens from this mound, which 
■were formerly in the collection of Dr. Davis, and have now in my col- 
lection a number that belonged to the same deposit. They are either 
ronndish, oval, or heart-shaped, and of various sizes, but on an average 
six inches long, four Inches wide, and from three-quarters to an iDcb in 
thickness. These flint discs are believed to have been baried as a re- 
ligious offering, and the peonliar stmctare of the moood which inclosed 
them rather favors this opinion, while their enormous number, on the 
other hand, affords some probability to the view that they constituted a 
depot or magazine. Many of them are-clumsy, and roughly chipped 
around their edges ; and heuce It has been suggested that they are no 
finished implements, but merely rudimentary fbmis, destined to receive 
more symmetry of outline by subsequent labor. Many of the discs un* 
der notice bear a striking resemblance to the flint "hatchets" discovered 
by Boucher de Tertbes and Dr. Kigollot in the diluvial gravels of the 
valley of the Somme, in Northern France. The similarity in form, how- 
ever, is the only analogy thut can be claimed for the rode flint articles 
of both continents, considering that they occurred under totally differ- 
ent circumstances. The drift implements of Europe represent the most 
primitive attempts of man in the nrt of working stone, while the Ohio 
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discs, if finiBhed at all, are certainly very roagh samples of the haacli- 
craft of a race tliaC constracted earthworks of aAtoDisbiDgregalarity and 
magnitude, and was already highly skilled in the art of chipping flint 
into varioas shapes. 

On page 211 of the "Ancient Monaments of the Mississippi Valley," a 
groQp of the flint articles from Clark's Work is represented. The drawing 
exhibits pretty correctly the irregular outline and general rndeness of 
these specimens ; yet Mr. Stevens states (Flint Chips, p. 440) that " the 
representations are not at all satisfactory ." The only fanlt, I think, that 
can be fonnd with these drawings is their small scale, a fault which is very 
excusable, considering that at the period when Messrs. Squier and Davis 
published their work, (1848,) flint articles of such shape were no objects 
of particular attention ; for Just then the results of the researches of 
Boucher de Perthes were first laid before the scientific world, which, it 
is well kuowu, ignored for a long time the significance of the rude fliut 
tools discovered by the indefatigable and eutbnsiastic French savant iu 
the diluvial gravel-beds of the Somme. It is true, however, that some 
of the flitit discs of Clark's Work are wrought with more care than those 
represented in the '*Aueient Monuments." This fact may be ascribed 
to a whim of t^e worker or workers, who gave some of the articles a 
greater degree of regularity by some additional blows. Mr. Stevens has 
only seen specimens of this better class, for sach were those which Dr. 
Davis sold to the Blackmore Museum among his collection of Indian 
relics, and benee the author of " Flint Chips" seems to attribute to them 
a better general character than they really possess. I learn, however, 
that Mr. Blackmore, during a recent visit to Ohio, has succeeded in re- 
covering a cousiderable number of the implements of Clark's Work, and 
thns an opportunity will be afforded again to investigate the true nature 
of these relics of a bygone people. 

The objects in question consist of the compact silicions stone of " Flint 
Bidge," in Ohio, a locality described on page 214 of the "Ancient Mou- 
nmeuts.'^ A careful comparison has established this fact beyond any 
donbt. The flint or homstone which occurs in that region, is a beauti- 
ful material of a dark color, resembling somewhat the real flint found iu 
nodules in the cretaceons formations of Europe. It is occasionally 
marked with darker or lighter concentric stripes or bands, the centre of 
which is formed by a small nucleus of blue chalcedony ; and this inter- 
nal structure appears particularly distinct in specimens which, by ex- 
posure, have ondergone a superficial change of color. The stone, in 
general, possesses pecaliarities by which it can be recognized at once, 
even when met in a wrought state far fh)m its original site. According 
to Mr. Squier, arrow-heads made of this homstone have been fonnd iu 
Kentucky, Indiana, Illinois, and Michigan. That they occur iu Illinois, 
I can attest from personal experience. 

* More partienlatl; in Sqnier'B "Aboriginal Honamenta of Hew York," 9ii&Io, ISGI, 
p. 136. 
*^ 26g 
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402 XOBTH AUERICAN STONE lUPLEHENTS. 

A few years ago, when treating of the flint implements of Clark's 
"Work, I was not prepared to express a deUnite opinion concerning tbo 
manner in which they were used. In the mean time, however, I have ob- 
tained additional information in relation to the class of implements under 
notice, which enables me, as I tbink, to point oat the pur|>ose8 for which 
those of Clark's Work, as well as similar ones from other localities, were 
designed. In the anmmer of 1869, some children, who were amnsing 
themselves near the barn on the farm of Oliver H. Mullen, in the neigh- 
borhood of Faycttevillc, Saint Clair County, Illinois, dug into the groond 
and discovered a deposit of fifty -two diecsbaped flint implements, which 
lay closely heaped together. Several of them came into my possession 
through the assistance of Dr. Patrick, of Belleville, in the same county. 
They consist, like those of Clark's Work, of the peculiar stone of Flint 
Bidtre. This I noticed at first sight, and so did Messrs. Squier and 
Davis, to whom I showed them. "They resemble, in general shape, the 

Fig. 3. 



objects of Clark's Work, but are somewhat smaller and of perfectly sym- 
metrical ontline, having a well-chipped, though strong edge; in one 
word, they are highly finished implements, far superior to those of 
Clark's Work. In Fig. 3 I give a full-size drawing of one of my speci- 
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mens from Fayetteville, wbicb is twenty millimeters thick in tlie middle. 
The slight irregulaxitiea observable in tbe circumference are owing to. 
later accidental fi:actures. ' In this specimen, as in the others from the 
same find, tbe edge is produced by small, carefully- measured blows. 
The edges of my specimens from Fayettevitle, moreover, exhibit tracea of 
weikr, being rubbed off to a small degree, and tbiii circumstance, in con- 
nection with their shape, induces me to believe that tfaey were used as 
scraping or nmootliing implements. The aborigines, it is well known, hol- 
lowed their canoes and wooden moitars with the assistance of fire, aud 
the implementsjuat described, were, as I presume, employed for removing 
the charred portions of tbe wood. They are well adapted to tbe grasp 
of the baud, and, indeed, of the most convenient form and size to serve 
in that operation. Probably they were likewise used in cleaning hides, 
and for other purposes. Tbe tools of Fayetteville, however, are mncb 
more bandy than those of Clark's Work. 

The fact that implemeuts made of the bornstone of Flint Bidge are 
found in Illinois — a distance of about four hundred miles iuterveuHig — 
is of particular interest, as it shows that tbe material was quarried for 
exportation to remote parts of the country. It doubtless formed an ar- 
ticle of trafSc among the natives, like copper, sea-shells, and other nat- 
nral prodoctions wbicb they applied to the exigencies of common life 
or used for personal adornment. 

Concerning !North American flint implements of the European drift 
type in general, Mr. Stevens expresses himself thus: "Tbe legitimate 
conclusion at which we may at present arrive, ia that implements, in form 
resembling some of the European palaeolithic types, were made by the 
aborigines of America at a comparatively late period, and that the iieo- 
pie usually termed the ' mound-builders,' were, probably, the makers of 
these implements." (p. 443.) 

There is no sufficient ground, I think, for attributing these implements 
exclusively to the monud -builders, considering that they occur on the 
surface, and in deposits below it, in regions where the people designated 
as the mound-buildera are not supposed to have left their traces. In 
the States of New York and New Jersey, for instance, such articles 
repeatedly have been met. 1 will only .refer to the leaf-shaped imple- 
ments in possession of Mr. Cowing, which were fonnd in New York, and 
are the finest specimens of that kind ever brought to my notice. That 
tbe people who erected the mounds made and used tools I'esembling the 
palaeolithic types of Europe, is proved by the occurrence of those tools 
in the mounds; but it follows by no means that they are to be consid- 
ered as the sole makers of that class of implements. Supposing that 
the mound-builders really were a people superior in tbelr attainments 
to the aborigines found in possession of the country by tbe whites, it is 
certainly very difficult to draw a line of demarcation between the manu- 
factures of the ancient and those of the more recent indigenous inhabi- 
tants of North America. Tbe mound-builders — to preserve the adopted 
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term — certainly did not stow away all their articles of use aud ornaiDent 
iu the moDods, but oeceasarily left a great many of tbem scattered over 
tfae surface, wtiicli became mingled with those of tbe succeeding occa- 
pants of the soil. Both the moaud-builders and tbe luter Indiaus lived 
iu au age of atone, aod as their wants wero tbe same, they resorted to 
tbe same means to satialy theiu. Their manufactures, therefore, must 
exhibit a considerable degree of similarity, aod heuce tbe great diffi- 
culty of separating them. 

Yet Mr. 3t«yens goes in this respect farther than any one before him. 
He is particularly orthodox in the matter of pipes. Those who have 
paid some attention to the autiquities of North America, are aware of 
the fact that Messrs. Squier and Davis found in tbe mounds of Ohio, 
especially in one mound near Cbillicotbe, a Dumber of stone pipes of 
pecnliar shape, which tbey have described iu the "Ancient Mouuineuts 
of tbe Miesiasippi Valley." Iu these pipes the bowl rises ftom tbe mid- 
dle of a flat and somewhat curved base, oue side of which communicates 
by means of a narrow perforation, usually one-sixth of an iuch (about 
lour millimeters) in diameter, with the hollow of the bowl, and repre- 
sents the tube, or rather the montb-pietx of the pipe, while the other 
uuperlbrated end forms tbe handle by which the smoker bold tbe im- 
plement and approached it to his mouth. In the more elaborate speci- 
meus the bowl is formed, in some instances, in imitation of the human 
bead, but generally of the body of an animal— mammal, bird, or reptile. 
These pipes, then, were smoked either without any stem, which seems 
probable, or by means of a very diminutive tube of some kind, the nar- 
low bore of tbe base not allowing the iusertiou of anything like a ma^ 
sive stem. The authors of the "Ancient Monuments ''called these pipes 
" mound-pipes," merely to deaiguat« that particular closi of smoking 
utensils ; it was not their intention to convey the idea that tbe tnouud- 
builders bad been unacquainted with pipes into which stems were in- 
serted. On tbe contrary, they distinctly assign a beautiful pipe of the 
latter kind, representing tbe body of a liird with a human head* to the 
inound-bnitders, thongh this specimen was not found in a mound, but 
within an ancient inclosnre twelve mites below tbe city of ChiUicothe. 
^ferring to this pipe, Mr. Stevens says : " Squier and Davis consider 
that this object is a relic of tbe mound-bnilders ; but it does not appear 
that any pipe of similar form, or indeed an;/ pipe intended to be smoked 
by means of an inserted stem, has been found in any of the Ofaio mounds." 
U|>oD inquiry I learned from Dr. Davis that mounds had been leveled 
by the plough within the incloBuro where the pipe in question was found, 
which, he is convinced, belonged to the original contents of oue of those 
obliterated monuds. Iu the Smithsonian report for 166S, 1 published 
(on page 399) tbe drawing of a pipe then in possession of Dr. Davis. 
Its sbajte is that of a barret somewhat narrowing at the bottom, and its 
material an almost transparent rock-crystal. The two hollows, one for 

■ Fig. 147 on p. M7 of tbe "ADoleut MonumeDtsj" Fig. 106 od p. 509 of " Flint Chips." 
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the reception of tlie smoking m&terialf and the other for ioserting a 
stern, meet nnder an obtuse angle. Tbis pipe ^ras taken from a mound 
near Bainbridge, Boss County, Ohio. Mr. Steveos suggests it had been 
associated with a secondary interment, (p. 624.) Dr. Davla, however, 
vho is acquainted with the circnmstancea of its discovery, told me that 
it belonged, with various other objects, to the primary deposit of the 
moand. Tlins it would seem that the monnd-builders coDfined them- 
seKes by no means to the nse of one particular class of pi[)es. 

Those who advocate a strict classification of North American relics 
according to earlier or later periods, shonld bear in mind that mound- 
building was still in use — if not in Ohio, at least in other parts of the 
present United States — when the first Europeans arrived, though the 
practice seems to have been abandoned soon «fter the colouization of 
the country by the whites. Yet, even in comparatively modem times, 
isolated cases of mound-building have been recorded,* which fact would 
indicate, perhaps, a lingering inclination to perpetnate an ancient^ 
almost forgotten eastern. Many of the earthworks in the Southern 
States doubtless were built by the race of Indians inhabiting the country 
when the Spaniards under De Soto made a vain attempt to take pos- 
session of that vast territory, then comprised under the name of Florida. 
For this we have Garcilaaso de la Vega's often-quoted statement relat- 
ing to the earth-structures of the Indians. The Floridians, we also 
know, erected ut the same period monods to mark the resting-places of 
their defanct chieftains. Le Moyne de Morgues has left in the "Brevis 
Sarratio" a representation and description of a fnnend of this kind, 
When the mound was heaped np, the mourners stuck arrows in the 
ground aronnd its base, and placed the drinking vessel of the deceased, 
made of a large sea shell, on the apex of the pile.f But even without 
such historical testimony, the continuance of mound-building might be 
deduced from the fact that articles of European origin are met, thongh 
rarely, among the primary deposits of mounds. The following inter- 
esting communication, for which I am indebted to Colonel Charles O. 
Jones, will serve to illustrate one case of mound-burial that can be re- 
ferred with certainty to a period posterior to the European occupation 
of the country: 

" I have fonnd in several mounds," says ray informant, " glass beads 
and silver ornaments, and, in one instance, a part of a rifle-barrel, which 
were evidently buried with the dead. These, however, were secondary 
interments, the graves being upon the top, or sides, or near the base of 
the monod, and only a few feet deep. Never but in one case have I 
discovered any article of European manufacture interred with the dead* 
ID whose honor the mound was plearly erected. Upon oiteniog a small 
earth-mound on tire Georgia coast, a few miles below Savannah, I found 
a clay vessel, several flint arrow-beads, a hand-axe of stone, andapor- 

'Sqiiier, Aborigioal MonnmeDta of New York, p. 112, &o. 

t Le Uoyne, in De Bry, vol. ii, FroDcoforti ad Moeunm, 1 501, pi. XL. 



406 NORTH AMEEICAN STONE IMPLEMENTS. 

tion of an old-fashioned atcord deposited with tlie decayed bones of the 
BkeletOD. ThiB tumalus was conical in shape, about seven feet high, 
and possessed a base diameter of some twenty feet. It contained only 
Fig. 4. one skeleton, and that lay, with the articles I hare 

eunmerated, at the bottom of the mound, and on a 
level with the plain. The oaken hilt, most of the 
I guard, and about seven inches of the blade of the 
I sword still remained. The rest of the blade had per- 
I ished from mat. Strange to say, the oak had best 
resisted the 'gnawing tooth of time.' This mound 
bad never been opened or in any way di-sturbed, ex- 
cept by the winds and raius of the changing seasons. 
I have no doubt but that the interment was primary, 
and that all the articles enumerated were deposited 
with the dead before this mound-tomb was hea])ed 
above him. This, within the range of my observa- 
tion, is an interesting and exceptional case. I am 
persuaded that mound-building, at least upon the 
Georgia coast, was abandoned by the natives very shortly aft^r their 
primal contact with the whites." 

From mound-building I turn again to North American diut imple- 
ments. Mr. Stevens refers in his work to the absence of flint scrapers 
in the scries from the United States exhibited in the Blackmore Museum. 
Scrapers of the European spoon-shaped type, however, are not as scarce 
in the Unit«d States as Mr. Stevens seems to suppose. The collection 
of the Smithsonian Institution contains a number of them ; and I found 
myself two characteristic specimens in the KJiikkenmodding at Key- 
port, New Jersey, described by me in the Sniitbsouian report for 1864. 
They lay upon the shell-covered ground, a short distance from each other, 
and were perhaps made by the same hand. In Fig. 4 I give a full-size 
drawing of one of my 8t>ecimens, both of which consist of a brown kind 
of fliut, such as probably would be called jasper by mineralogists. The 
Fig.h. figured specimen, it will be seen, possesses all 

the characteristics of a European scraper. Its 
lower surface is formed by a single curved 
fracture. The rounded head is somewhat 
turned toward the right, a feature likewise ex- 
hibited in the other specimen, which is a little 
larger, but not quite as typical as the original 
of Fig. 4. As the peculiar curve of the broad 
I part is observable in both 6[)ecimens, it most 
be considered as having been produced inten- 
tinnally. Indeed, I haveamong my fliut scrap- 
era Irom the pilework at Robenbausen one 
which is curved in the same direction. In fash- 
ioning their implements in this particular manner, the Indian and the 
ancient lake-man possibly had the same object in view. 
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Tliere is, however, another somewhat different class of North Ameri 
can flint articles, which, as I believe, were employed hy the aborigiues 
for scraping and smoothing wood, horn, and other materials in which 
tbey worked, or perhaps, also, in the preparation of skins. They resem- 
ble stemmed arrow-heads, which, instead of being pointed, terminate in 
a semi-lnnar, regularly chipped edge. It is prohable that they were 
partly made from arrow-heads which had lost Fig. 6. 

their points. Schoolcraft gives iu Fig. 3, of 
Plate 18, in the first volome of his large work, 
the drawing of an object of this class, calling it 
"the bIantarroworBeeA:M:wt,(Algonkin,) which { 
was fired at a mark." It is likely enough that 
these articles served in purt the pnrpose as- 
signed to them by Mr. Schoolcraft. Yet, I 
have in my collection several in which the 

Toanded edge is worn and polished, while the remaining part retains its 
original sharpness of fracture, a circnmstance that can only be ascribed 
to coutinned use, and therefore leads me to believe that they were em- 
ployed in the manner already indicated. These implements hardly could 
be used without handles. Fig. 5 represents, iu natural size, one of my 
speQimens, which was found on the surface near West Belleville, Saint 
Clair Connty, Illinois. Thematerialisayellowish-browndint. The edge, 
it will be seen, is perfectly Fig. 7, 

scraper-like. Inserted in- 
to a stoat handle, this ob- 
ject would make an ex- 
cellent scraper. The edge 
of this specimen is not 
]>oli8bed, hut it seems as i 
if small particles of the I 
edge had been scaled off v 
by the pressure exerted \ 
in the use of the imple- 
ment. In the original of 
the above full-size rep- 
presentation. Fig, 6, on 
the contrary, the curved 
edge is rubbed off to a 
considerable extent and 
perfectly polished, while the portion opposite the edge bears not the 
slif^btest trace of friction. This specimen, which consists of a whitish 
flint, was found in Saint Clair Connty, Illinois. In Pig. 7, lastly, I 
represent, in natural size, a fine large 8x>ecimen, which I class among 
the implements under notice. I formerly supposed it to be a tool des- 
tined for cutting purposes, hnt theconditiouof the edge, which is rather 
blunt and hardly fit for cutting, afterward induced me to change my 
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opinion. Originally, perhaps, one of those QDnsoally large spear-beads, 
vbich are occasionally foand, it may bave'be«n redace<I sobeeqneutly, 
after having lost the poiat, to its present shape. Yet, it may never 
have possessed a form different from that which it now exhibits. This 
specimen is chipped from a flue reddish flint 'which contains encrinites. 
I obtained it from qnarrynien near West Belleville, who fonnd it in the 
earth while tbey were engaged in baring the rock for extending the 
quarry. In conclnsion, I will 8tat« that, since writing the preceding 
pages, 'I received a number of stone implements from Muncy, Lycoming 
County, Pennsylvania, among which there are some large scrapers of 
the Earopean type. Their material, however, is not flint, but either 
graywacke or a kind of tough slate. 
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IIDUir BHflBATINflS OV THE FACE OF BftCKB AlOlfe flBESN KITEB TALLET 
IX THE SIEBBA SXTAUA BASSE OF MOUNTAINS. 

By J. G. BunPF. 

In 1850, accotnpaiiied by a party of twenty-three persona in all, well 
mounted and armed, I explored a mountain district probably never before 
Tlsited by the whites. The Fi-atah Indians, nameroos and hostile, an- 
noyed us much, stole a horse, and killed one of the party. I had a pocket- 
oompass,aprotractor, scale^and dividers, with which, taking the bearings 
of the snow-capped peaks of Shasta and Mount Saiat Jos^, or Lassen's 
Peak, I fixed onr position upon the uiap. We soon cotDtnenced descend- 
ing the eastern slope of the monntain, following ridges aud valleys through 
what Lasseo, who was one of the party, very aptly termed "a blown-up 
country." It is all of volcanic origin, with fissures, extioct craters, obsid- 
ian, &C., &C. At length, descending the side of an extensive ridge, by an 
Indian or brute trail, we reached a golcb-head, in which was a delightful 
spring of clear water, the sonrceof astream,atflr6ta mere brook, which 
after a few hours' ride became a considerable creek, bordered with a Ins- 
nriant growth of willows, grass, and trees of all sizes. From near the 
spring commenced a volcauic rent, running in a general northeasterly di- 
rection diagonally across ah extensive inclined sterile plain, covered with 
sharp angular blocks of a brown pintonic rock, among which, through 
this defile, the creek meandered. All indications showed this to be a 
favorite resortof Indians. Gameabounded; tracks of grizzly bears, deer, 
antelopes, panthers, wolves, &c., were seen at the numerous crossings of 
the stream, with several shooting-lodges of the natives, one of which I 
Bbetcbed. We traveled at a quick pace the greater part of the day, 
in this defile, in imminent danger from the Indians, who might from the 
willow jungles, or from the top of the walls, have unhorsed the entire party 
with their obsidian -pointed arrows. The southern side of the defile was a 
vertical wall, as of masonry ; the other was irregular and broken. From 
its bead the creek-bottom, having a greater declination than the general 
surface, gave the walls more height, until the southern one was on an 
average 20 feet. Several large blocks of stone occasionally projected over 
the wall, and the top all along was very irregular, with rocks and clumps 
of cedar-bushes. But that which was the principal point of interest In 
this defile of some fifteen or twenty miles in length was the fact that the 
surface of the rock was covered with sculptured characters. (Fig. 1.) 
The highest ranges of these remarkable records, some of wbich are cut in 
the under face of overhanging rocks, could only have been executed by 
the aid of platforms. The rock is of such a hard nature that in order to 
make similar markings we would be compelled to use a well-tempered 
chisel and hammer. They are generally of the size of a crow-quill, say 
one-tenth of an inch, but were originally greater. Some, here and there, 
were partially obliterated by the actionof the elements for many years. 
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The labor and time required to Execute tbese engraTings are snffident 
proofof tbeir importauce to the people who prodnced tbetn. We at length 
came to a ragged pile of detritus, where the wall had been brokea down, 
perhaps by the action of frost, and clambered np to the plain above, ftosa 
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whence I perceived the dark line of the ravine trending away in the 
same general direction, till lost to view in a distance of about twelve or 
fifteen miles, the markings doubtless extending all the way. The same 
amoant of markings roughly executed with a brush would involve the 
labor of many painters for several mouths. The creek doubtless emptied 
into the northern end of a lake, which we discovered soon after, which, 
from a delicious manna found on its banks, we named Honey Lake. 
Being greatly interested in these historical records, I conld not resist 
the temptation of copying some of them. The party proceeded, and 
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called ba^^k to me !□ the most emphatic terms to come od, or I wonid be 
caaght by the ludians. TwoyouDgmen volunteered, however, to guard 
me while I aketcbed, and, with cocked rides, watching the top of the 
wall, urged me to get throngb as speedily as possible, making use of 



tbose cogent expletives found only in the vocabulary of such cbarao- 
terp. It might truly be deemed sketching under diGQcnlties. 

Figure 2 exhibits forty-three rifles, a small lean horse, Ms ribs being 
visible, and a principal cliief ; stretched along tbe main branch of the 
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atream. Od the otber side, north of the main stream, are tro cbiefir, two < 
braves, and a good-conditioued horse at rest. It is on a vertical cliff of 
fine gray saodatone, at the foot of an iaclined plane, where the trail 
mns into the valley from the elevated laud dividing it from La Fonteuelle 
Creek. The sigutficance of the record appears to me as follows: The 
forty-three mounted warriory had left an impoverished district, and 
descended to this valley, fall of grass, fael, game, Sec., whereby they 
were enabled to recruit themselves and become snccessftU in their expe- 
dition. The drawing is not in proportion. The men were about 3 feet 
above the base, and not 3 feet in height. Assuming the tallest man to 
be 3 feet in height, 3 feet from ground, and the cliff 12 feet, the other pro- 
portions will he sufficiently correct. The markings when first observed 
were almost eutirely obscared with dnst; hut, with a small branch of a 
tree, I dnsted off the surface of the rock, and copied them in rongb 
sketches in my note-book. 



iVCIENT BUIIf IN ABIZOXA. 

By J. C. Y. Lbb. 

Id the heart of the Pinal Moantains in Arizona, and the center of 
what is known aa the Apache country, is a little valley of not more 
than 150 acres in extent. This valley is sometimes called Masou's 
Valley, alter General Jno. 8. Mason, major of the Fifteenth lufaotry, 
by whom, when commanding the district of Arizoua, in 1864, it was 
discovered. It is a beantifol valley, with groves of luxuriant trees, 
green sward, and abundant foliage, by no means common in this 
Territory. Its altitude is probably about C,OCO feet above the level 
of the sea, and trom 3,500 to 4,000 feet above the tableland, at the 
base of the monntains. Around it, to great heights, ou every side save 
two passes, one to the eastward and one to the westward, rise the peaks 
of the Pinal Mountains, very abrupt and very picturesqne. From the 
snmmit of these, far away eastward and northward, stretch, in unend- 
ing succession, mountain- peaks, caDons, and chasms. I have never seen 
so rough a country, and have no words to adequately describe it. 

While exploring this region, under orders from General Stoneman, 
we found in the vallpy described the remains of a very extensive build- 
ing. Ko walls were lelt standing, but the stone foundations were distinct, 
BO that the apartments could still be easily traced. There could not 
have been less than twenty or thirty rooms, some of which were very 
large, and others small. The ruin was on a little eminence, or mound 
of gravel, but whether so constructed originally, or whether the mound 
had been formed by the falling walls, it was impossible to tell. About 
the spot, pieces of broken earthen-ware were discovered, of which the 
accompanying pieces are samples. They are better finished than those 
now made by the Indians, and seem of difiereut composition. By whom 
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the baildiDg was erected, or by wbom inhabited, I cannot dotennlne ; 
whether it bad been the home of the Jesuits during the period of tbeir 
residence in this coiiatry, is not clear, as the place indicates the build- 
ing to be of A date prior to that epoch ; aiid, beeideS} most of their 
baildings are yet standing. 

The place is so remote and inaccessible that I can hardly suppose the 
Jesaics would have reached it. And as the Apaches have held the 
region for long, long years, so long that it is looked upon by them at* 
their original botne, and is cettainly their strongbold, I incline to the 
opinion that it is an ancient Aztec or Toltec ruin. 



IHI HATBTACK HOCMD, LINCOLX COVMtT, DAKOTA. 

By a. BARiuiniT, or Sioux Citt. 

This monnd, one of the finest specimens of archeeological remains in 
the Northwest, is situated in Lincoln County, near the west fork of the 
Little Sioux of Dakota or Turkey Creek, nearly eighty-fire miles north- 
west of Sioux City. It issituatedon a fine bottom, and is327feet inlength 
at the base on the northwest side, and 290 feet on the southeast side, 
and 120 feet wide. Its sides slope at au angle of about 50°; it is from 
34 to 41 feet in height, the northeast end being the higber. To the sum- 
mit, which is ftx>m 28 to 33 feet wide, there is a well-beaten path. It is 
composed of calcined clay, which by burning has become hard and of a 
dark brick color. Toward its base on the northeast side there is a 
targe portion of the side built of soft sandstone and limestone, which 
were probably extracted firom the large hill lying about three miles and 
a half in a northwesterly direction, as I have found a large hole in the 
aide hill i>artially filled by thecavinginof thebauk. At first I thought 
that it was a spur of tbe main ridge of hill that had been isolated by 
the action of water which iu former ages rushed down tbat valley, as 
the cut banks on both sides of the creek clearly indicate ; but, on closer 
examination, I found tbat it was built of the above-mentioned materials. 
"What led to making a part of the mound with stone, I am at a loss to 
cocyectare. While examining the mound, I discovered on its southeast 
«de a hole which bad all tbe appearance of a badger-hole ; it was about 
18 feet from the base of the mouod. I determiued to ascertain whether 
it was a badger-hole or some inlet* which in the course of time might 
have been filled np by tbe falling dibrit. I accordingly had a hole dug, 
and, after reaching a distance of 23 feet horizontally, discovered a cavity 
which was found to coutain a part of the vertebra of an elk, several 
bones, belonging probably to the same animal, and thirty-six broken 
fragments of pottery, together with a pile of ashes and about half a 
bushel of charcoal, and charred wood. This ca^nty was nearly circular, 
^wut 7 feet iu diameter, and about 3^ or 4 feet high. 
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I coDJectQred tbat at ooe time this cavity mnst have reached the 
sainmit of the moond, and cousequently I ordered that a hole shoald 
be dug as nearly as possible above it. After having dng to the depth 
of 9 feet, we came to within two feet of the cavity. Here we found 
several large sand-stoaeB and a stick of oak, very well preserved, pro- 
jecting over the top of the cavity. This stick was probably nsed as a 
support for pots hang over the fire, for that the eoKnary art was 
practiced in this hole is clearly indicated by the ashes and bones 
strewn aronnd. But how this hole got filled ap, Lam at loss to de- 
termine. I am sangaine that if the mound was properly explored 
some valuable relics of this iiidastrious race of mound-builders would 
be found ; owing to its being at a distance irom the banks of the 
Missonri, and the generally traveled road, it has never been examined 
by any scientific explorer. From afar it resembles a haystack, and 
bence this name was given to it by the emigrant. 

Annexed yon will find a sketch, which will probably give a better 
idea of its locality and anrroandiogs : 

Sketch of the Haystack Mound, Lincoln County, D. T. 




BARTH-WOBKS l^ WISCOKSIV. 

- By E. E. Breed. 

Presuming that any notes relating to tbe aboriginal inhabitants of 
this State would be of service to yon, I submit the- following. 

There is a series of pita on the northwest of the northwest section 
10, and northeast of the northwest section 10, township 25, range 15 
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eaat, (town of MattesoD.) The pits are ia an iire^lar line, general 
directiou from northwest to soatbeast, from foar to six rods apart. 
QaJte a number are in pains. Tbe deptb, as found by excavating tbe 
eartb that bad cared in, was originally from 4 to 5 feet, dtanieter 3 
feet. In almost every instance the earfb was thrown out on the Bouth- 
west side. Soil sandy. 

A few years ago the land was covered by a heavy growth of timber, 
principally hemlock. Trees over two bnndred years old grew on the 
earth that bad been thrown out. The chain ia broten by a small pond, 
perhaps ten rods across, but follows a sandy ridge most of the way. 
The site is just such as might be selected to form a line of defense. 



MOUKDlNWlSCOlfSlN. 

Bt C. K. Dean, Boscobel, Grant County, Wisconsin. 

We have, or had, in tbe Wisconsin Valley, which I have seen and 
sketched in part, many curions mounds resembling animals, those of dy- 
ing birds being tbe most common ; but nothing in the shape of an ele- 
phant or any estinet animal. The most striking among my notes is one 
in the form of a man, immense in proportions, sketched twenty years 
ago at Black Earth. The other in the shape of a hnge molar tooth. 
This was in the town of Dover, about fifty miles above ns. I saw the 
man-mound tbe next day after it bad been opened at tbe breast to the 
natnral level of tbe ground, and observed that it was designed as a 
tomb and memorial of some one evidently distinguished in life. The 
tomb was made from a blue-clay, brought in balls from some distance- 
none snch near — was well packed and smooth, and of full length. Tbe 
walls near two feet thick, inclosing a vacant space containing traces of 
burial of one, or perhaps two bodies. A few relics of little importance 
were reported — two Btone hatchets, some arrow-heads, &c., which I 
did not see ; but ashes and tbe smell of mortality were still there. Tbe 
arms of this figure were extended north and south, each 330 feet in 
length, or about 700 feet altogether, including the width of the body, and 
the body to the east about 100 feet in length. The legs were partially 
obliterated by cultivation of the ground, but were evidently about 600 
feet long. The head was about 25 feet in diameter, and the elevation of 
the body above the surface of the ground about 6 feet. 
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THE BIG EIEPHANT HOUND IN GRANT COUNTT, VISCONSIX. 

Bt Jared Warner, of Patch Qrove, Wisconsin. 



This moand has beeo known bere for the last twenty-five years as the 
" Elephant Mound." It is situated on the high sandy bottom-lands of 
the Mississippi, on the east side, about eight miles below the month of 
the Wisconsin Biver. There are on each side of the mound, some fifteen 
to twenty rods distant, sandy, grassy ridges, some 15 feet higher than 
the land about the mound ; the moand is, therefore, in a shallow valley, 
sloping gently to the Mississippi Biver, and only about 8 feet above 
high water. Its total length is 135 feet ; from hind feet to back, 60 
feet; from fore feet to back, 66 feet; width across fore legs, 21 feet; 
across bind legs, 24 feet; from end of proboscis or snout to neck or 
throat, 31 feet; space between fore and hind legs, 51 feet; from end of 
proboscis to fore legs, 39 feet ; across the body, 36 feet ; general height 
of body above surrounding ground, 5 feet. The head is large, and the 
proportions of the whole so symmetrical that the mound well deserves 
the name of the " Big Elephant Mound." 

The figure is from a drawing taken on the ground, in company with 
Alex. Panl, J. C. Orr, and J. 0. Scott, in October, 1872. 

Is not the existence of such a mound good evidence of the contempora- 
neous existence of the mastodon and the mound-builders, and also of 
the very small change, if any, of the present bed of the Mississippi 
Biver t 

There are many mounds in theform of animals in this section of coun- 
try which I have seen withiu the last thirty-five years ; namely, in the 
shape of birds, bears, deer, foxes, and men, the latter with legs only Ut 
the knees. 
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IKCIEffT BELICS IK HOBTHffESTEBK IOWA. 

By J. B. Cdttb. 

During a recent journey over Northw'eatem Iowa I fouud some frag- 
ments of ornamented pottery-ware under circumstances of sufBcient 
inteiesC to induce me to forward to you a brief account of them. I 
obtained these fragments from abont tbree feet l>elow the surface of the 
gronud, on the bauiis of Little Sioux River, iu township 93, range 39. 

The valley of the river is about one mile in width between the line of 
bhiETs ou each side, and through the middle of this valley the river has 
cut its present channel, leaving a terrace on either side, the level of 
which is firom 10 to 12 feet above the water. 

A section of the bank presents a grayish clay at the bottom, covered 
by 6 or 8 feet of alluvial soil, free from rocks or gravel, and composed 
principally of transported loess. In this upper deposit I excavated and 
obtaiae<l in the course of half an hour nearly half a peck of fragments, 
in pieces from the size of an inch to several inches square, and from 
one-eighth to one-half an inch iu thickness. In many cases these frag- 
ments were ornamented on the outside surface by cross and parallel 
lines and iudontatioos, the whole exhibiting considerable skill in fash- 
ioning tbe material, as well as taste in its ornamentation. There were 
evidently vessels of various size and degrees of ornament. They were 
found, as before stated, about 3 feet below the surface. First, at tbe 
bottom, occurred a row of stones, each about the size of a man's fist, and 
arranged in the form of a circle, as is often done in building fires to boil 
one's codec in the open air. From the center of this circle I obtained 
several pieces of charcoal of tbe size of my thumb. Above this circle 
of rocks were found the pieces of potter^-, and above these tbe bones of 
auimals, which my companion pronounced to be thoseof tbe buffalo, elk, 
and beaver. The order of arrangement at once snggeated a fire built 
within a small circle of rocks, on wbioh rested the pottery vessels filled 
with tbe flesh of animals, either for ordinary cookery or as a part of 
that Indian custom which supplied the dead with provisions for their 
long journey, the whole being then covered with earth, the weight of 
which has broken tbe vessels and pressed itself into every interstice, 
but left the order of succession plain. I could find do human remains 
daring my brief examination ; no traces of mounds oi^ Indian residence 
in the neighborhood. 

Tbe depth below the surface at which these articles were found forbids 
the Bopposition of their being of late date. 

Tbe country has been settled by whites only within five or six years 
past. 
278 
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MOirNDS KBAB ANNA, VNIOX COnNII, IlLIKOIB. 

By T. M. Pkrrdc. 

The most extensive works of the moand-bailders in this conntj ate 
situated in the Mississippi Iwttom, fifteen miles from Anna. At t^at 
point the creek makes a bend rosembliog very much id shape a horse- 
shoe, which renders the place very favorable for a def«nsive work. The 
earth-work follows the beud in the creek, and is, at this time, abont 4 
feet high. The entrance to the inclosare is on the south side, with a 
large oblong moand in front of the opening. This moaud is about 30 
feet by 50, and abont 30 feel high at the highest point, with a depres- 
sion in the center, which makes it appear in pro&le tike a double mound. 

West of this mound, a short distance, is a round mound about 30 feet 
in diameter and 15 feet high. The earth-work incloses about twentj- 
acres. Within the area of the iuelosnre there is another mound cover- 
ing about two acres, which is evidently a sepulchral remain, as a large 
number of skeletons have been found in it, none of them perfect, bow- 
ever, though the earth is compact and dry. The skulls are very large, 
but fall to pieces on being exposed to the air. One skull has been found 
that would bare measured 36 inches in circumference. The skeletons 
in this mound were all carefully inclosed with flat stones, each skeleton 
being separate. 

The other moaudtt appear to have been used for another porpoBe, 
probably for defense, as nothing has been found in them. Half of the 
iucloaure, as well as all the mounds, are in a cultivated field. Tbe round 
mound to the west of the opening and part of the earth -work are in the 
woods, and covered with large timber. In the sepulchral mound are 
found pottery-ware, and stone and flint articles, but no metal or bone 
implements. One mile northeast of this, on a high beaeh-flat, and over- 
looking a lake, is another sepulchral mound, but no earth-work. In this 
mound nothing was found with tbe skeletons. This, like the former, 
has stone around each skeleton, but the grave is not more than 3 feet 
long and 18 inches deep. The body must have been buried with the 
feet drawn up to the trunk. 

Five miles north of this there is another monnd, on the top of the 
highest bill in the vicinity, and bordering on Bluff Lake. Kothing has 
been found in connection with this except two or three copper rings — 
no skeletons, although indications are that it has been used for barial 
purposes. 

Abont one and a half miles northwest of the last-mentioned moand 
there is another sepulchral mound, but as it is in a cultivated Held it is 
now very nearly level with the suiface of the ground ; but only recently 
have any skeletons been found in it, which tends to show that they were 
buried in the bottom of the mound and are brought to light every 
year as the plow removes some of the stones placed around the graves. 
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The parts of skeletons fonud here are very long. The skulls crnmble at 
the sli^bteat touch, but the tbigb-bonea am be bandied, with care. 

Abont five miles north of this are other mounds, located on the banks 
of BauDing Lake. There are four mounds in this group, but only two 
have been opened. Some years ago it became necessary to build a 
bridge across the lake at the site of the mounds. The dirt for this pur- 
pose was taken from two of them, leaving about one-half of each. The 
skeletons appenred to be scattered promiscuously through the earth 
composing the mounds, and do atones were placed aroand them. These 
mounds are formeil of black sand and gravel mixed in with pieces of 
shelL There are also foand pottery ware, stone and flint spear-heads, 
stone axes, tec. The pottery has been in the ground so long that it is 
almost impossible to preserve it. 

Between these mounds and those five miles south appears from the 
remains to be what was once quite a settlement, which is now, however, 
covered with a dense forest of large growth, as well as the crumbling 
tmuks of trees half hidden in the accumulating soil. 

In Pope County, in this State, and about fifty miles east of this, there 
is another very interesting earth-work. It occupies the summit of the 
highest hill, verj' steep, and with but one approach, and this is pro- 
tected by a stone and earth embankment across a narrow neck. The 
defenses consist principally of stone work. Some of the stones are very 
large, and yet have been brought from some other point, as none of the 
same formation are found in this hill. Of course nothing likje a true 
wait DOW exists. This remain is known as the stone fort. 

Within a mite of this place, and on a high ridge, are two sepalcbral 
stone circles, but nothing has been found in them. They are evidently 
very ancient. 

Since writing yon I have made another visit to the mounds in the 
" Mississippi bottom," and as I have obtained some rather interesting 
additions to what I communicated before, I have concluded to write 
again. We first opened the mound described as the large mound in 
front of the opening of the earth-works. It waa my intention to have 
dag a ditch through the mound, but the weather was so warm the men 
conld not endure the work, so I commenced by sinking a bole in the 
center where the depression which I mentioned exists. After going 
down about three feet we came to what looked like a chimney made of 
Hun-bnmed brick, and on removing some four feet of this we came to 
the foundation. We then ditched both ways, east and west, and came 
on one side to a wall, on removing the earth from which, we found it to 
be arched. The arch appeared to have been formed in three layers of 
stone with a layer of grass between each, but looked as though it had 
been exposed to fire. At the bottom and around the chimney there ap- 
peared to have been placed a matting made of cane, but not firm enongh 
to be moved only in smalt particles. Here we found earthen pots re- 
spectively of the capacity of one, one and a half, and two gallons ; the large 
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pot was unfortunately broken in removing it. I also found an image, 
but differing from tbe other one I found ; this one is liollow and holds 
half a. pint, with a good face and a fine bust. It is evidently intended 
to represent a woman with the arms banging on the side, and the hands 
folded across the abdomen ; the opening is on tbe back of the head. I 
also found a small ornament of rock crystal three-fourths of an inch 
long, with a Rmall hole through one end ; in color it is a beautiful purple, 
and perfectly translucent. This mound, I am under the impression, 
was a dwelling-place, from the fact that nothing indicated that it has 
been used for anything else. Furthermore, we found under the arch a 
large quantity of charcoal, which appeared as if it had been burned in 
the place. The arch, we ascertained by digging holes, run through the 
mound from east to west, and is about six inches thick. I have no 
doubt but that this ia quite an interesting mound, and if properly ex- 
amined would show much relative to the habits of the mound-builders. 
I forgot to mention that I found one of those stones with a bole 
throngh it, known in this vicinity by the name of " tool-stones;" it is 
about two inches in diameter. I also found three handsome dints. 



AN0I8NT MODNDS IK KEVTDCKT. 

Br Dr. Bobert Peter, of Lexington, KEunrcKY, 

I have the pleasure to forward to tbe Smithsonian Institution, by 
Adams Express, to-day, a small box, containing a portion of the relics 
found by my sons and myself in the small ancient mound which we 
opened on the 19th of October last, to wit : Some of the red earth in 
which the relics were imbedded, with fragments of much-decomposed 
bones, charcoal, &c., a number of flint implements of various shapes, 
portions of soft sandstone which seem to have been used for grinding or 
polishing implements, a broken door-button-akaped article of the white 
compact sulphate of baryta, fonud here in veins in our limestone, and a 
rude pipe which has been made of soft sandstone. 

The mound is about fift>y feet in diameter, not rising in the center 
more than three feet above the general surface of tbe woodland pasture 
in which it is located. Trees as large as any in the woods aronud grew 
on the mound, which seemed of sub-soil earth thrown up on the nataral 
surface. 

Tbe flint implements were mostly fonnd arranged in an elliptical 
figure, they being laid end to end, overlapping each other. 

A little rude, copper bead was found in the eartli, which seemed to 
have been accidentally dropped there. 

This mound is on the farm of Mr. Jer. Tarlton, close to tbe boundary- 
line of the farm belonging to myself. It lies about a mile from the otfaer 
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small mouud, on the farm of Mr. O. Fisher, (on Xortb Elkboru Greek,) 
from wliicli we obtained tlie copper articles, &c., last forwarded by me, 
and it) one of tbe series of aocient works mentioned iu my communica- 
tion published in tbe Smithsonian report for 1871. 



M0UND3 IN BARTOW COUNTY, VEAB fiABTEBSTILLE, 6E0B6U. 

By M. p. Stephenson'. 

The most extensivu and perfect series of tumuli exist in Bartow 
County on the Etowah ilivcr, near Carteraville, a sketch of which I 
send you : 




A, large monnd, &? fi;ot high. B, circular muiind, G'l feet high. C, pentagonal 
iDoiiDiI, 25 feut bigh. D, excavation of an acre. P, mounds. I, terrace, SO feet high 
P R, muuDda oatside. T, crossings. Area inclosed by ditcL and river, fifty acres. 

It consists of ten mounds, situated in the bend of the river, and pro- 
tected from attack ou the land side by a moat, which is from 20 to 30 
feet deep, and doubtless was once filled with water. The central mound 
is square, and measures 150 feet on top," with raised platform on the 
east side 20 feet high and 40 wide; probably sacrifices were oflired 
here, as an idol of sandstone was plowed up at this place, with 
excavated disks or mortars, 6 inches in diameter and of translucent 
quartz, of elegant workmanship; also a stone ax, a small native copper 
vessel, a perforated marzouella shell, {which is found in all the mounds,) 

* It is uot HXctctly a quadrangk', 1int the north side is 150 feet, the eastern side 160 
feet, floutheaBtem aide lOOfoet, soulli side 90 feot, and the western side 100 foet. 
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a mica mirror, and the only gold beads ever met wich — iij.ttve gold 
being found in the neigtiborhood. Tbis mound is SS feet bigh, and a 
few rods from it is a circular one 05 feet bigh, which twenty years ago 
had a parapet on top 5 feet bigb. The remainder are small and only 
about 20 feet bigb. There are two excavations an a«re square, as deep 
as the moat, from wbicb earth was probably obtained to raise the 
mounds. 

The valley and country for twenty miles westward and northward is 
very fertile, and exhibits evidence everj'where of having been densely 
peopled by the mound-builders. 

At the falls of Little River, near the Alabama line, on the crest of the 
fall, are three chambers hewed out of the solid sandstone, and at Na- 
coochee the crest of a conical bill is cut off at about 50 feet, so as to 
embrace an acre and a half; on two sides this is quite precipitous, and 
on another a ditch and wall, which formerly was 6 feet high, inclosing 
20 acres, used by De Soto in the battle he had with the Oherokees in 
1540, which is proved by the relics found. 

At Macon are stupendous remains, as also in Campbell County on 
the Chattahoochee. Among these is the Youd Mountain, 4,000 feet 
high, of solid granite; it is a coneerestedwith trees, nearly perpendicular 
ou all sides except at one place, which was walled with stone : Also 
the Stone Mountain, which is without vegetation — 2,300 feet high— a 
coue, and accessible on one side only. This was walled with stone. 
All defensible mountains iu this country were fortified. Neither the 
Cherokees, Creeks, nor Seminoles bad any tradition of the extinct race, 
which is proved to have been a powerful nation, from the extent of 
their territory and the stupendous character of their fortifications and 



MOUNDS IX GKOReU. 

By William McKtst-ey, Milledgbville, Ga. 

There are many groups of mounds iu Georgia, an account of which 
would be of importance to the archxologist to have permanently re- 
corded. With this view, I send you an account of mounds on Sapelo 
Island, Mcintosh County. 

South of Blgh Point there are three mound-drcles, having plain areas. 
Xo. 1 is 240 feet wide; 9 feet high; base, 30 feet; no gateway; built of 
earth and sliells, densely overgrown with live oak, palmetto, myrtle, 
grape-vines, which perfectly mask it; western fide bnilt ;iiong the verj- 
edge of the table-land, so as to front a salt i:i rsh and Mad Kiver as 
a wall 20 feet bigb ; on the north, skirting a liush-water flag uud bul- 
rush marsh or stream, 150 feet wide, separating it from circle No. 2, 
which is 210 feet wide, in an oi>en field long cultivated ; mound now 
rising 3 feet ou 20-feet base, composed of shelltii aud earth ; area plain. 
Circle No. 3 is 150 feet wide, just like No. 2. 



These circles are sairounded by hnDdreds of Bhell-motiDds, about 3 feet 
higb, on bases of 20 to 50 feet, whicb crowd, withont visible order, a field 
of one linndred acres or more, boonded on the west by salt marsh aod in- 




land salt river, and on the east by fresh-water jnngle. On all these shell- 
moands and over all this plain are foand fragments of Indian pottery, 
both plain and ornamented, Ko fnneral moanda are nearer than three 
miles. The shellsai-e all of mollaska yet living io the neighboring waters, 
the oyster, clam, conch, scallop, &c., which fact, and the broken i)ottery, 
show plainly that these shell-mounds, indicated by dots on the map, id 
coDDtless number, are aacieut cainps of the Indians or monnd-buihlers, 
where they dwelt, while the three great raonndcircles were doubt- 
less for councils or games. The big circle, yet perfect, was probably 
the"pow-wow" or state honse, and place of torture of captives, "chunk- 
yard" of tbeUchees; it was certainly the most important; while the 
other two were perhaps for dances and athletic sports aud games. These 
three ciiclfs aud this held of thickly set, countless shell mounds, are on 
the west shore of Sapelo Island. The cemetery or funeral mounds are 
found far ofl'— three at Kenau, six miles southerly; one very large one 
iit " Druid Grove," or " Spalding," ten miles off; and two on the eastern 
shore on Bliickbeard's Giver, thi'ee miles off. Sone others are known ; 
but very much of the iuter\-ening central part of the island is impene- 
trable palmetto thicket, and it is possible other mounds exist in this 
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thicket. These cemetery-moandB are verj' ancieot. 8ape1o Island is 
famous for its woaderful moss-huDg live oaks; but the largest bodied 
tree od the island, oae over 4 feet in diameter at the stump, aud 7 feet 
in height, to juBt below^ the first fork, grows ou top of the biggest 
burial-Diound at the place marked "Kenan." Considering the great 
compactness of li%'e-oak, this ti'ee is probably six hundred jtars or more 
old. How old, then, ia the mound T It is yet about 8 feet high, ou a 
base of 50 feet diameter, a little elliptical, situated in an open held, and 
covered with live oak and cedar. 

The big mound on the east side, at Bobone field, (negro corruption of 
BonrboD, as the old F:eueh colonists called it,) is yet 9 leet high, or 
more, 70 feet in diameter, aud is circular ia form. The negroes report it 
full of pottery and men's bones, Ihoiiesoou to send you specimens of its 
pottery and implements. It stands on the inland tide-marsh side, near 
the south end of a field of seventy-five acres, the entire surface of which 
field is dotted aud whit« with hnndreds of shell-mounds, from 2 to 4 feet 
high, and from 16 to 50 feet base. Broken pottery and broken stone imple- 
ments from the far-off mountain quarries are fohnd here, as at the circle- 
mounds on the west shore; but, so far, not a weapon of fight, or of the 
banter, of aiiy sort, large or small, has been found on Sapelo. I find the 
tanner's tool, but no weapon of death. This fact is very remarkable. 
On the main-land, in the hill region of Middle and Upper Georgia, almost 
every acre has its ancient stone weapons, its arrowheads, javelins, dirks, 
slung-sbot, or battle-axes ; but the ancient fishermen of Sapelo — its for- 
gotten mouud-buiklers — either had no weapons of war, or they were not 
of stone, and have perished. At least none are found or heard of now. 
If any ever existed there, they must he buried in the mounds. How- 
ever, I will soon know, as my yonug friends on the island, aud Mrs. 
Spalding, all of whom cuter ardently into my explorations, will, in the 
course of this year, get the negroes to open the mouuds, and will send 
uie the relics for the Georgia department iu the museum of the Smith- 
sonian Institution. 

In the meanwhile I will procure a survey of the mound-fields of Soutb- 
weatern Georgia, as you request; and perhai)s, too, of the chain of 
Ockmulgee mounds, which are very Inrgo cones. 

The two groups of mounds which I have had surveyed by James N. 
Evana, at tlie expense of the Institution, are in Early Couuty, Ga. 
One group i.'? near Kolee Mokee Creek, and the other at Dry Creek. 

The following is a rcpre.'icntalioo from actual survey of the position 
and form of the mounds and earth walls on Kolee Mokee Creek, in Early 
County, Georgia. They are principally on a plantation now occupied by 
Mr, A. J. Blcrcier. I say principally, bceause the eastern portion of the 
walls extends over on to the plantation of Judge Joshna Harris. 

In the investigation of these ancient remains we began by measuring 
tbe large pyramidal mound, which we found of the following dimen 
sion : Circumference, 1,128 feet ; lengthof base, 3d0 feet; width ofbase, 



214 feet; length of plane of suuimit, 181 feet; width of plane of sum- 
mit, 82 J feet; sloping side, a little diagonal, 125 feet; estimated height 
of pyramid, 95 feet. 




Tbo plan of the base, and also that of the summit of tl'.iii jivnimid, 
muj- be said to be rectangular, their length and bn-adth being as stated 
above. The direction of the lunger side ol' the mound is N. HP W., 
varying only l(i° from a due north and south line. At the Bonth end of 
this pyramid there is a pit from which itia supposed the eaith ol which 
the uionnd is composed was originally excavated. A well has been at 
some time sunk into about the center of this mound to a consider- 
able depth, probably hi search of treasures, bui apparently Vrithout suc- 
cess. 

Starting from the middle of the western side of the base of the pyra- 
mid and running S. 81° W. 14 chains, we amve at a conical niouud, 
which I have denominated No. 2. The circuniiereu(!e of this mound is 
21CJ feet ; the diameter 72 feet ; the sloping side 43J feet; the height of 
axis of cone 24 feet. From the west side of mound Xo. 2, running S, 
9(i° W, 23 chaius, wo come to mound No. 3, which has a dianitler and 
a height nearly the same as those of So. 2. At a distance of 17 chains 
from the western base of mound No. 2 we come to the iiiiier wall, or 
breastwork. Commencing at the eastern teimiuus of the southern wing 
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of the wall, the courses and distances aloog it to a baatioo marked 
" Mercier's burial ground," are as follows : S. 84° W, 15 chains ; S. 84° 
W. 5 chains ; N. 51° W, 4 chains ; N, 40° W. i chains. From this bas- 
tion to the other bastioo there is do appearance of a wall. 

From bastion So. 1 to bastion No. 2, the direction is N. 16° W., 
distance 7 chains. From bastion If o. 2 the courses and distances along 
the northern portion of the outer wall to Eolee Mokee Creek are as fol- 
lows : N. 10° E. 5 chains ; N. 23° E. 4 chains ; N. 50° E. 7 chains ; N". 
52° E. 15 chains ; N. 07° E. 17 chains ; E. 29 chains to the creek. 

The soutliern portion of the ont«r wall has its starting-point near the 
southern or No. 1 bastion, which is not parallel with the inner wall, bat 
runs ivi follows: S. IXJ° E. 10 chains; S. 10° E. 10 chains; S. 17° E. 
5 chains; 8.39° E. 7J chains; 8. 42° B. 8 chains; B. 10 chains to 
its terminus. The wall in the woods is a little more than 1 J feet high — 
that in (be plantation not exceeding 15 inches, the former having been 
protected from the efTects of caltivation. The base of these walls is 
at present about 30 feet wide, probably much greater than they for- 
merly were. They very gradually elope from base to middle. One of 
the oldest citizens in the county tells me that be has seen these walls 
when they were at least donble the height ; they have gradually de- 
creased in elevation and increased in breadth of base. I have also 
been "informed that some of the facial bones of haman skeletons have 
been taken from one of the mounds in the Mcrcier plantation, which are 
said to have been much larger than those of our own race, leaving the 
inference that the monad -builders were almost of a giant statnre, 
but this tradition may be the result of the natural tendency to indalge 
in the marvelous. 

While engaged in the field-work I noticed a large number of fragments 
of carved ware and arrow -beads along the line of the walls and about 
the mounds, both on Eolee Mokee and on Dry Greek. 

The following 8ketch represents a piece of land on Dry Creek 
known as the Walnut Fork, on which are situated ancient mounds in 
great numbers. The area of the whole lot is fifty-one acres, and is of a 
triangular form, bounded on the east by the swamp-ground of Dry 
Creek, and on the west by a ditch which was once occupied by a smalt 
stream emptying itself into Dry Greek. The portion of this lot which is 
occupied by the mounds consists of about twenty-one acres. 

The mounds are eighty-three in number, although some of them are 
now not very distinct. To give a minute description of each of these 
small mounds would occupy considerable space, and add bnt little to the 
interest of the subject. It will be sufficient to say that they vary ia 
height from that of a few inches to 10 feet, and in diameter from 16 feet 
to 100, there being a single one of the latter size, but most of them are 
from 30 to 40 feet. Nearly all those of medium size are parapeted. 
Tbe largest one and some of the smaller are convex on the top, while 
others are concave or level. They do not appear to have been arranged 



iD accordance with any definite plan, bnt are scattered about promis- 
cuously on the northern boundary of the lot. Several mounds are situ- 
ated on an east and west line. 







It will be seen by a reference to the diagram that there is a spring 
marked on it, and that there is an open space free of mounds between 
this spring and a pond to the west of it. We know not for what this 
open space was intended, but there cannot be any doubt that there was 
a design in the arrangement. It may have been used aa a parade, 
ground or for games. From the fact that human bones have bees 
exhumed from some of these mounds, we are led to the conclusion that 
they are places of sepulcher. • The great pyramid of Kolee Jlokee is the 
only one of this form in Georgia, while the large mound of I>ry Creek 
is entirely unique in all its main features. It is evidently a mound of 
BacriOce. A little stone idol was found on it. The site of this group 
of mounds is covered with a grove of black-walnut trees 100 feet high, 
and the luonnds themselves are hidden in the depths of the almost im- 
peuetrable swamp, so as to be wholly unknown, until lately, even to 
the oldest inhabitants of the neighborhood. 
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I have the pleasure of reporting further collections of rulics — iveapoDa, 
mortars, tools of art, perforated stoue implements of estreme burdue^ 
perfectly bored with a spiral anger ; arrow-heads of jasper, obsidian 
rock crystal, homstooc, aud moss-agate; an'd, la«t and liest, to-day I 
have obtained from the Oconee River swamp a funeral urn, like those 
of Japan, with a close lid, 14 iuche» high by 12^ inches middle diameter, 
coDtaiuing human relics, very discernible fingers, boucs, &e., which soon 
moldered away after exposure to the air. The urn, which is of clay, 
is covered all over with elaborate etchings of what I take to be written 
characters. The lid was left in the swamp, but will probably be found, 
and come to me sound or broken. When my collection is more increased, 
I will send all my specimens for the Georgia department of the Smith- 
sonian Institution. 

In regard to the discovery of the nrn which I have mentioned, allow 
me to coDgratnlnte myself as a collector, but I beg you to inform me 
whether my exultation is unreasonable. Am I right in thinking that 
"funeral urns" have not before this been found in the United StatesT 
I think I have found a rich field and a new one for discoveries of this 
kind. 



ISDIAS BRMAINS FOUND 33 FEET BELOW TBE StIKFAOE, NEAR WALLACE 
LAKE, tut CADDO FABISU, LOUISIANA.' 

By T. p. UOTCIIKIBS, OF SultBVKPOItT, LOUiaiAXA. 

In July, 1862, W. H. Waldrum, while engaged in diggiug a mpII ou the 
edge of Post-Oak ridge, one and a half miles from Wallace Lake, after 
passing through the thirty -two feet of earth came upon an Indian giave. 

First. — Setcription of strata from surface to grave. 

1. Soil about 4 feet like post-oak soil, but mixed with some sand from 
washings of hill-side. 

2. Ked clayey earth, which, dissolving almost as freely in water as 
sugar, and of near the same specific gravity when in susiwukioii, ex- 
tended down to the leafy deiwsit. This red deposit underlies nearly all 
this country, extouding to the very sources of the river, usually imme- 
diately under the soil, and furnishes the coloring mutter uf lied Itiver, 

3. Blusliy, rich ground, mixed with uudecomposed leaves and 
branches ol tix^es. 

4. Small muscle- shells mixed with a Siindy de^wsit lor 5 or G feet. 
In this de[)Udit were found the bones and darts placed side by side, with 
it sli;;lit lap, the points directed fi-om the body. The largest spoar was 

* Now in tliu Nuiiuuul Uueeuui, WaBhiugtou. 
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llj inches in length. They were four in namber and wrought &om 
pure flinttock. 




Second. — Description of strata below the grave to depth of the well. 



1. Immediately helow the graves red deposit, likp clay, 20 feet. 

2. Then four feet throagh white clay. 

3. And remainder of the distance throngh blae clay, nntil water was 
foand 71 feet below the surface. 

The ancient crockery, &c., I Bend you was found one and a half miles 
above Shreveport, in Bossier Parish, at a entoff made in Red River by 
the swamp-laud commissioner in 1859. 

EighteeiTfect beneath surface, through Red Biver soil to the deposit 
— which underlies all the red soil of the valley — the washing of the river 
has esposed a large burial-ground, containing numbers of remains of 
bodies and of articles buried with them, snch as implements of cooking, 
jugs, plates, &C., of a peculiar workmanship ; also, remains of some- 
thing, supposed to be a turtle. 



MOtNDS IV LOUISIAKi. 

Bt Prop. Samoel H. Locsbtt, of the Luuisuna State IlKiTEnsnT, Baton Bouoe. 

While prosecuting my topographical surrey of Louisiana this sanuner 
I visited, near Jackson's Ferry, four miles south of Floyd, on Bayou 
Ma$OD, some very remarkable Indian mounds. Six of these are within 
a mile of Mrs. Jackson's. Four of them are almost perfect ; the other 
two are partly destroyed by the caving of the banks of the Bayou Ma- 
90D. They are coDuected with each other by a levee or no^w embank- 
ment of earth, making a nearly semicircular figure. There are two 
much larger mounds nearer to Floyd, one on Hr. Mabin's, and one on 
Mr. Motley's land. The latter must be between 20 and 30 feet in height. 
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Od tbe sides of all of the mounds, and in their viciiiit;, are fomid 
great numbers of relics, bqcIi as human bones, arrow-beads, " plumb- 
bobs" very perfect iu form, and iminonse quantities of brokea pottery. 
Many of tlie pieces of potterj' are bigbly ornamented. Fram tbe quan- 
tity of pottery, I imagiue tbere must have been a factory of thiii vave 
in this locality. Excavations would in all probability reveal some very 
valuable and iuterestiog specimens, and I thiuU it should be done by 
one accustomed to searching for archsological n 



FBE.HISTOBIC BBKAIlfS FOFND IS THE YlCHflTT OF THB CITV OF WASH- 
INGTOir. D. C. 

Dy T. E. Pealr. 

The positions chosen by tbe ancient inhabitants of this country' for 
their temporary or permanent occupation were genenilly at the mouth 
of smaller streams emptying into larger ones, or on Jutting points of 
laud favorably situated for hunting and fishing, and which could be 
readily defended agaiust the attacks of an enemy. Wherever such 
places occur, in almost any part of the United States, remains of the 
ancient inhabitants are to be found in greater or less numbers. These 
remains are, as a general rule, more numerous on the border of fresh- 
water streams in the interior of the country than on the coast, which 
appears to have been visited periodically for fishing in tlie intervals 
perhaps of the hnnting seasons and those of the cuUivation of Indian 
corn. The stone implements may also be found in less numbers along 
the sontbern coast, because the minerals out of which they were fabrV 
cated do not esist on the sen-board much south of the latitude of the 
city of New York. 

The site of the city of Washington, and its vicinity, must have 
been a favorite locality for at least the temporary residence of the 
ancient people, since the remains of their implements are found in 
great numbers at difTerent points^ especially along the river. It does 
not appear that the impiements were maiinfactnred here, as heaps of 
the debris or cbippings are not met with, as in other localities. It is 
probable, however, that some of the arrow-points were made here, for 
though the material of which they are composed is not fouud in place, 
yet they occur in sufQcicnt quantity in the bowlders of the northern dritt, 
which appears to be terminated in tbe interior of the country, in abont 
this latitude. That part of the city on which the arsenal stands, culled 
Greenlears Point, was evidently a camping ground, since numeroas 
specimens of arrow.heads and other perfect articles have been found 
in this locality. Tbe point of laud at the month of what was called the 
Tiber, near the Washington monument, is another locality on which 
specimens of the kind iu question are found. But I have found tbe 
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t number of these implements ou tbe wetit side of the Potomac, 
directly opposite the city, along the shore from Analostsn Island to the 
LoDg Bridge. Tbe namber of remains foaod here is supposed to war- 
rant the conclusion that this was a favorite resort of the ancient people. 
From Aualoatan Island to tbe Long Bridge, tbe remains of pottery 
and stone implemeuts are sufficiently namerous to warrant tbe con- 
clusion that the whole space was occnpied, either at once or at many 
times, as aeon tinnous town. This space, which now forms a part of 
the main land, was apparently once an island. 

Another locality which exhibits abumlance of remains is at the 
Little Falls of tbe Potomac, about five mileH above the city. At this 
place, on either side of the river, on tbe rising ground, the implemeuts 
are found. They consist of arrow-heads, hatchets, chisels, and earthen 
ware. This locality was probably resorted to for fishing, as it is at the 
present day. Tbe fish, ascending the rapids in the spring to deposit 
their spawn, were readily cangbt by tbe spear, tbe net, and the line — 
tbe use of the latter beiug indicated by the number of stone sinkers 
which are found. 

The materials of which the stone implements are formed consist of 
quartz, jasper, and slate or horD-stone. The latter is not fonnd in this 
vicinity in place, but in the drift. At least four-fifths are of quartz. 
The arrow-heads, as nsnal, are of two kinds, one apparently for war, and 
tbe other for the chase ; the first is of a triangular form with a ro-cn teriug 
angle at the base, by which it was attached to the shaft in a notch at 
the end. This form of arrow was adopted in order that when the shaft 
was witbdmwu ftom the wound, the arrow-head might remain. 
The other arrow-head is also of a triangular form, with sides 
lightly convex, but terminated at the base with a projecting point 
forming two notobes, one on each side, by which it was permanently 
attached by thread, probably of sinews, to the shaft. The second form 
of arrow-hea<l is by far the most numerous. Besides tbe arrow-heads, 
there are found many of the fragmente of quartz which are in reality 
perfect iustrnments intended for cutting, carving, &e. When these are 
critically examined they are seen to have a cnttiug edge or a point 
carefully worked, while the opposite side is left rough to be inserted in 
a handle of wood or horn, which completed the perfect instrument. In 
some of the specimens there are notehes on the upper side of the knife 
or chisel by which they could be more securely fastened to the handle. 
Theotheriinplements,hatchete, adzes, chisels, and hammers, are usually 
made of trap-rock, which is found among the bowlders of the drift. Some 
of these are polished with care. Pestles of the same material are also 
found, though these are not as nnmeroos as in other localities, particu- 
larly in those of Pennsylvania. 

Fragments of pottery occur of porous clay, hardened in the fire, and 
almost in all cases ornamented with impressions of the corn-cob, indicat- 
ing tbe ase of this artivle of food at an early period, and marking a 
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point ill the civilizatioa of tbe people. The fragments have never been 
fouDd of safflclent size to indicate the original form of the vessel. 

In this connection it may be stated, in relation to tbe large shell-heaps 
which are foand along onr coast, that it is probable i^ey were formed 
by periodical visitors who annually resorted to the sea-shore for a snp- 
ply of shell-fish for food. It is said that wtthio tbe historic period the 
Indians on the coast of New Jersey were in the habit of opening their 
oysters and clams by tbe tud of fire, and of drying them on strings for 
winter food. A cnstom of this kind woold account for tbe remiuDS of 
pieces of charred wood which are found in these heaps wichoat 
adopting the hypotrhesis that tbey were the sites of kitchen mceddings. 
These heaps were tbe result, perhaps, of thoosands of years' accnmula- 
tion. 

It may also be remiffked that on high ground I have generally foaod 
no other Implements than those which were used for the purpose of war. 
This would appear to indicate that they were buried with warriors and 
chiefs, according to tbe custom of the Indians of the present day, on 
prominences, or elevated jutting points of land. Comparisons of this 
kind are of importance to the study of archteology, in the way of ex- 
plaining facts of the past by reference to the usages of peoples of the 
present in tbe same state of civilization. 



CATAIOeUE OF A CABINET OP ISDIiK RELICS COLLECTED BT J. B. Bt 
TEBEVX, OF CLErELADD, OBIO, FBOM TBE TEARS 1848 TO 1668, INCLU- 
SITE, AND PKESENTED DT BIH TO TBB SMITBSONIAK INSTITDTIOS. 

Miacellaneout implemenU, 

1 to 26, inclusive. Knives or chisels, from Tennessee. 

27. Skinning-stone, from Ohio. 

28. Hatchet or pick, from Ohio. 

29. Skioning-stone, from Ohio. 

30. Skinning-stone, fh>m Ohio. 

31. Hatchet or pick, from Ohio. 

33. Chisel, or perhaps bark- or wood-wedge, from Ohio. 

34. Chisel, or perhaps bark- or wood-wedge, fix>m Ohio. 
35 to 36. Tomahawks, from Ohio, 

37. Skinning-stone, from Ohio. 

38 to 40, inclusive. Skinning-stones, from Ohio. 

41. Chisel, frrom Ohio. 

42. Skinning-stone, from Ohio. 

43 to 51, inclusive. Skinning-stones, from Ohio. 

52. Skinning-stone, from Tennessee. 

52 to 68, inclusive. Bkinning-stones, frma Ohio. 

59. Skinning-stone, iirom Tennessee. 

60. SkinniDg-stone, fr«m Ohio. 

61. Hatchet, from Ohio. 
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62. (!), from Ohio. 

63 and 04 Hatchets or picks, from Ohto. 

65. (!), from Brie County, Pennsylvauia. 

66. Pipe (T), from Erie County, PenDsylvania. It waa dag np, and 
sbotTs spade-mark. Tlie blackening of orifice waa caased by a boy (barg- 
ing it with gunpowder aud seekiug to ose it as a canDoa. 

67. Pestle, from Ohio. 

68. Pipe, taken from Indian grave, from Ohio. * 

69. Oorget, from Summit County, Ohio. 

70 and 71. Amulets (t), from an Indian grave. Ohio. 

72. Oonge, from Ohio. 

73. Spear-head, from Tennessee. 

74. Spear-bead, from Ohio. 

75. Chisel or wedge, from Massachusetts. 

76. Gouge, from Massacbasetts. 

77. Pestle, from Massachusetts. 

78. (t), from Mussacbasctts. 

79. Pestle, from Ohio. 

80. Totem, from Ohio. 

81. Skiuning-stoue, from Tennessee. 

82. Hatchet, from Ohio. 

63 and 84. Skinning- stones, from Ohio. 

85 to 88, inclusive. Skiuning-stones, from Tennessee. 

89. Chisel, from Tennessee. 

90 and 91. Skiunitig-stoues, from Tennessee. 

92. Ax, from Ohio. 

93. Ax, from Tennessee. 

94. Pestle, from Tennessee. 

95. Ax, from Ohio. 

9G to 08, inclusive. Mortars or pallets, from Tennessee. 

99. (f), from Tennessee. 

100 and 101. (f), from Tennessee. 

102. Ball, from Tennessee. 

103. Ball, from Tennessee. 

104. Horn or trumpet (1), from Tennessee. 

105. Grinder! 

106. Ball, from Ohio. 

107. {!), from Tennessee. 

108. (I), from Indian grave, Tennessee. 

109. (!), from Tennessee. 

110. 111, and 112. (1), from Tennessee. 

113 and IIG, inclusive. Knives, from Tennessee. 

117 anil 118. {1), from Tennessee. 

119. (There should be two more of these found in box sent containing 
the pottery.) From a grave in old Indian burial-place, Clarksvillo, 
Tenu. 
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120. Sledge of aDcient eopper-workers, lake Baperior. 

121. Hatcbet, from MaasachuBetta. 

122. Knife, from UassachuBetts. 

123. Pipe, Indiau (T), plowed Dp in a field in wbiob several anow- 
headH were fooud, tcom Massachasetts. 

124 to 155, inclasive. All frooi Westera Beserve, Ohio. 
166. Cbisel, from Obio. 
157 and 158. (1), ft^m Ohio. 

159. Pipe, ladiao (t), plowed tip near a email mound. From Obio. 

160. (I), from Obio. 

161. Horn or trumpet, from Obio. 

162. Horn or trnmpet, from Obio. 

163. Pipe, from an ancient mound in Tennessee. It was given to me 
by Mr. John Fierce, of Hadson, Obio, wbose father was president ot the 
Western Beserve College, located at Hudson, and where X was visiting at 
the time of the gift, about 1852. Toung Pierce told me this pipe, 
with two others, had been sent to one of the former prbfessors by 
some former graduates of the college who had gone to Tennessee. 
Tonng Pierce teas positive as to the fkct that it was a relic from an ancicHt 
moKnd, and searched for the original letter accompanying the pipes, 
which he said contained full and antheotlcated details of tbeir discovery. 
But the letter could not be found. I have no doubt whatever of the 
jocts as stated relative to this relic 

164. Fragment of one of the otherpipes, which wasfonnd with speci- 
men 1C3, as above. 

165. Sioux pipe, smoked at a council between some missionaries 
going from Western Beserve College to Westera Missouri about 1837 to 
reclaim the Sioux Indians, and by the missionaries forwarded to Presi- 
dent Pierce, of said college, whose son presented me with the relic 

166. Pipe of a Lake Superior chief, 1850. 

167. Copper ornament, found with human bones in a small Indian 
mound near Painesville, Ohio. Hatchets and arrow-heada were mingled 
with the remains. 

168. Brooch from breast of skeleton in old Indian grave-yard, Cod- 
neaut, Ohio. 

169. (f), from a mound, Ohio. 
170; From Ohio. 

171 to 173, inclusive. Beads fhim an Indian grave, Tennessee. 

174. Pipe from an ancient mound, Tennessee, found and given to me 
by Professor Saflord, State geologist, aboat 1858. 

175. Arrow-head from Lake Superior. 

176. Fragment of (knife T), Tennessee. 

177 to 182, inclusive. Arrow-beads from Ohio. 

183. Arrow-head, remarkable for symmetry and finish, picked up 
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in Fraoklin County, Soatliera Central Pennsylvania, within 600 feet of 
the ancient war-lodge of the Senecas. 

184 to 186, inclusive. Arrow-heads from Tennessee. 

187 to 196, inclusive. Fragments of pottery, fh)ni some very remarkable 
mounds, three miles southeast of Franklin, WillismsoD iJounty, Tenn. 

197. Fragment of pottery, from South fiadley, Mass. 

198. Fragment of [>ott«r;, from mound in Ohio. 
190. Fragment of i3rick, from mound in Iowa. 

200 to 203, inclusive. Fragments of pottery, &om mouDds in Georgia. 

204 to 206, inclusive. Fragments of pobtery, from monnd in Maury 
County, Tennessee. 

Arroiekea^. — Three packages of these were sent in one of the boxes, 
res[>e(;tively collected in the New England Stotes, in the Western 
States, and in the Southern States, and the aforesaid division of States 
marked on* the packages accordingly. It had been my aim to collect 
arrow-heads of the various tribes of Indians, and to have preserved them 
thus distinct in the cabinet ; but I found that the differences in shapes, 
style, &c., were so slight (if at all distinct) as not to justify the trouble. 

Ajicieat pottery. 

All of the pottery sent is from an ancient burial-place in Arkansas, 
with one exception — a portion <^ a bowl, (say one-half,] broken, I thiuk, 
iu two pieces, and in appearance so very thick and clumsy, compared 
with the other specimens, that its recognition is a matter of no difficulty. 
This bowl is from an Indian grave at " Hamilton Place," (residence of 
Oen. Lncins Q. Polk,) Maury County, Tennessee. 

At " Maple Grove," Maury County, Tennessee, February 7, 1860, 
Jerome B. Pillow, esq., (brother of Geu. Gideon J. Pillow,) made the 
following statement in regard to the ancient pottery discovered by him, 
and then and there presented to me : 

" The spot where this pottery was found is in Phillips County, Ar- 
kansas, adjacent to the Mississippi Biver, and (measured along the 
river) eighteen and three-foorths miles below Helena." 

A map of the locality is given in the accompanying Fig. 1. 

The point designated A is the ancient buryiug-place where the pot- 
tery was procured. 

In the construction of the levee across Old Town Lake and Long 
Lake a vast quantity of earth was required to make the embankment, 
and to procure which Mr. Jerome B. Pillow commenced removing ma- 
terial from a site which proved to have been a most extensive cemetery. 
Hundreds of human skeletons of all ages and of both sexes were ex- 
humed, and with them many specimens of pottery of varied shapes and 
sizes. The sbeletons were found buried in a sitting posture, and from 
three to ten feet below the surface; the bones in all cases in a perfect 
state of preservation. 
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Trees from three to five feet in diameter were growiDg over the graves, 
one, a " sassafras," five feet in diameter, bad come to maturity, died, then 
withered away, Icavjug only its roots in a sound conditioD. The oegro 




lalwrers, with snperstittous terror, would fain have fled fVom their work 
on the first discovery of tlie booes, and they were persistent in destroy- 
ing the twttery to prevent its removal. Tlieir aim was to conceal in tlie 
dump or embanliment hoth bones and pottery. It was, therefore, with 
some difficulty ]>erfect speciuieus were procured by Mr. Pillow, and those 
obtained (my gift coiuprised about one-third of the number] were 
brought to his residence in Maurj' County, Tenuessce. In this rare col- 
lection thvre was one vessel, capable of holding half a gallon, in the 
shape of an animal. It boregieat similarity to a vessel, which sometime 
before I had examiuci], brought from the pyramids, Egypt, by the Bev. 
Dr. Burgess, of Dedham, Mass. 



ON THE ACCTBICY OF CiTLIN'S Al'COtJNT OF TBE HAKDAN CEBEBONIES. 

Br Jahrs Ripp. 

We publish the following letter asfan act of justice to the memory of 
the hite Mr. Catliu, and as a verification of the truth of his account of 
a very iuterusting ceremony among the Mandau Indians, a tribe now 
extin ct^ , The ceremony was especially interestiug iu its resemblance to 
some of the self inflicted tortures of the devotees of eastern superstitions. 
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In regard to tbe remarks relative to Mr. Schoolcraft, it is bat justice to 
state that wevere intimately acqaaiut«d with him, and cannot for a mo- 
ment harbor the thought that he woald have done anything to disparage 
the veracity of any one from any other motive than a desire to promote 
the truth. The statements of Mr. CatUn were at the time so remarkable, 
tlie ceremonies which he described being so unlike those of other Indian 
tribes, that Mr. Schoolcraft wasjustifliiblein receiving the account with 
doubt, although he may have expressed his disbelief iu stronger terms 
than he would have done ha^l he been more intimately acquainted with 
the character of Mr. Oatlin than he appeara to hare been. — [J. H.] 

Babqy, Clay County, Mo., August 12, 1872. 

Dear Sir: Though a stranger to you, I take the liberty of addressing 
you this note as important to Bcience and to tbe ethnology of oor coun- 
try, as well as important to the reputation of one who has devoted much 
of a long aud hazardous life in portraying and perpetuating the customs 
of tbe dying races of man iu America. Mr. Schoolcraft sent me, some 
years past, a copy of a large work he had pabliahed for the Government 
of the United States on the Iforth American Indians, and of which 
vork some thousands of copies were presented by tbe Government to 
the libraries of the institutions of the New and tbe Old World. In this 
work I find thiit Mr. Schoolcraft denies the truth of Mr. Catlin's descrip- 
tion of the Mandiin religious ceremonies — tbe truth of his assertion that 
the Mandau youths suspended the weight of their bodies by splints run 
through the desh on tbe breast and shoulders, &c.; and asserts, also, 
that his whole account of tbe Mandan religion is all wrong. It is a 
great pity that Mr. Schoolcraft, who never visited the Mandans, should 
have put forth such false and unfounded assertions as these on a subject 
so important to science, and so well established by proved facts. 

I had the sole control of the American Fur Company's business with 
the Mandans, and lived iu their village, for the space of thirteen year>4, 
from 1822 to 1835, and was doubtless the first white man who ever 
learned to speak their language. In tbe summer of 1832 Mr. George 
Gatlin was a guest io my fort at tbe Mandan village, observing and 
learning the customs of those interesting and peculiar people, and paint- 
ing the portraits of their celebrated men, of which be made many and 
with great exactness. It was during that summer that Mr. Gatlin wit- 
nessed the Mandan religious ceremonies, the O-kee-pa described in bis 
notes of travels among the North American Indians, and to which Mr. 
Schoolcraft has applied the insulting epithet of falsity iu his great work. 
By the certificate published by Mr. Gatlin, signed by my chief clerk and 
myself, on the 28th day of July, 1832, in tbe Mandau village, certifying 
that we witnessed, iu company with Mr. Gatlin, the whole of those four 
days' ceremonies, and that he has represented in his four paintings, 
then and there made of them, exactly what we saw, aud without addi- 
tion or exaggeration, it will be seen that I witnessed those scenes with 
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Mr. Gatlin and interpreted their whole meaning for him as tliey are 
described in his work. Since the extinction of this friendly tribe, and 
the end of this pecoliar and nnacconntable castom, and in the eighty- 
fifth year of my own agt, fix>m a sense of duty to my aneleDt friead Hr. 
Catlin, and a wish for the trothfalness of history, I have taken the 
liberty of committing to yoar care and for yonr use, aB yon may be dis- 
posed, the foregoing statements. 
Toara, truly, 

JAMES KIPP. 
Professor Henbt, 

Smilheonian iTistttution. 
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